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HONESTY AND COURAGE CAN ERADICATE TUBERCULOSIS 


Epwarp J. O’Brien, M.D. 
Detroit, MIcH. 


IVE million or more persons die every year from tuberculosis. Five hundred 
thousand die in India alone. 

In the Philippines over 35,000 deaths occur annually, one every fifteen 
minutes. Over a million more have tuberculosis, and the population is only 
eighteen million. In the slum areas, children below 2 years old are 80 per cent 
positive, and between 3 to 4 vears of age, 100 per cent. 

In Poland one out of every ten persons has active tuberculosis. Similar or 
worse conditions exist in many parts of the world. In many areas mortality 
rates from 500 to 800 per hundred thousand are reported. 

In the September issue of the National Tuberculosis Association Bulletin, 
Perkins stated there were over 500,000 .persons in the United States with active 
tuberculosis, more than one-half of whom are not known; the exact number could 
be larger. Certainly the tuberculosis decline is lagging far behind other com- 
municable diseases, vet we are told tuberculosis is under control. 

In the United States, case-finding programs, hospitalization, isolation, and 
treatment are among the best in the world, but about 50,000 die here every year. 
Moreover, our country contains only 5 per cent of the world’s population and 
cannot be isolated. The world is getting smaller. It can now be cireled in about 
three days. The tubercle bacillus knows no boundary lines. Thousands of our 
citizens travel all over the world and people from other countries are coming 
into ours. In many places, certificates of health against smallpox, typhoid, 
ete., are compulsory, but for tuberculosis there are no barriers. 

In the past year I have traveled about 75,000 miles by air visiting Asia and 
Europe, as well as Hawaii, the Philippines, South and Central America, and 
have had definitely impressed upon me that nothing worthy of being called tuber- 
culosis control exists. My pilgrimage, plus my intimate association with this 
disease for many years, has convinced me that if we are ever successfully to 
combat it, we must approach the problem with a much broader vision than we 
have in the past. Some of my observations I should like to leave with you today. 
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In poverty stricken India people live in cubbyholes, often with cows, goats, 
manure, ete., and under such crowded conditions that they sleep in rows. Much 
malnutrition exists, and hygienic conditions are nonexistent. There are only 127 
beds for tuberculosis in the large city of Delhi, and 7,500 in all of India. With 
hopelessly inadequate numbers of hospital beds, surgeons, and medical men, 
proper treatment is absolutely impossible. 

In Japan, the badly overerowded housing, the hygienic conditions, poverty, 
and malnutrition are almost as bad. Some good surgery is done, and there are 
some good hospitals, but most of the treatment of tuberculosis consists of 
ambulatory pneumothorax at medical centers. They have a center for every 
100,000 persons. I found that only 60 per cent of the patients treated had 
positive sputum when pneumothorax was started, and only 50 per cent were 
converted by treatment. All of these are living at home infecting others. 

In China, with the Communists overrunning most of the country, no official 
figures were available, but I was told by Chinese doctors that in many parts 30 to 
50 per cent of the population have tuberculosis. There are only 300 beds in all 
Hong Kong. The Minister of Health told me that most patients got well while 
at work and without treatment in a period of about six months. I leave this 
with you without comment. 

In the Philippines I was told by Dr. Arguellis, to whom I am indebted for 
considerable statistical material, that the mortality rate is about 170 per 100,000 
in rural districts, and about 270 per 100,000 in Manila proper. There are some 
good hospitals there, but it is eeonomicaily impossible to adequately care for 
tuberculosis. 

In Siam there are only a few fifty-bed hospitals. The same story of poverty, 
bad sanitation, ete., exists. No attempt is made to control tuberculosis. 
Ambulatory pneumothorax again is the principal treatment. The mortality rate, 
I was told, was 275 per 100,000, but it is no doubt higher. 

In Egypt proper facilities simply do not exist. Estimates on mortality 
rates varied from 200 to 300 or over per hundred thousand. I left Egypt with 
only the knowledge that little or nothing is done for the tuberculous except 
ambulatory intra- or extrapleural pneumothorax, and as in other countries 
abroad, some streptomycin for the rich. I am sure nobody knows what the 
real situation is, and it was my feeling that they do not eare. 

When Hitler came to power in Germany he threw out many of the best 
doctors who were not Nazis. When we took over, we threw out all the Nazis. 
There are many doctors there who have had only nine months of college eduea- 
tion. Shortly after our occupation, efforts were made toward the management 
of tuberculosis in British, American, and French Zones, but when Clay and 
Hawley took over, I am told, the medical personnel representing the United 
States was cut from 174 to 7. In October, 1949, we had no doctor in either 
Berlin or Bremen. In fact, there was no longer a Department of Health. This 
had been put under welfare and education, and instead of doctors, there was an 
influx of ministers, teachers, movie actors, ete. I am informed that MeCloy has 
made it possible for Col. Lundeberg and Col. DeForrest, Dr. Benning, and 
others who represent us in Germany, to again encourage active measures. 
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Statistics there are practically worthless. Tuberculous persons get increased 
rations and German doctors are willing to cooperate and diagnose tuberculosis 
where it does not exist. Their decrease in mortality rate is, in my opinion, partly 
due to few post-mortems, and change in the classification of deaths. One such 
classification is senility. How many of these died of tuberculosis is anybody’s 
guess. A prominent German doctor stated to me that there were 25,000 active 
cases living at home in Berlin alone, with the consent of the authorities, because 
tuberculosis was not considered communicable in the adult stage. From 70 to 
90 per cent of the cattle there are infected. Milk is sold on the streets out of 
pails. It is also skimmed and fed to calves, hogs, ete. Therefore, a good per- 
centage of these now have the disease. With fraternization going on between our 
troops and the German girls, tuberculosis is quite a problem for us in Germany. 
Dr. Esmond Long stated that every American soldier contracting tuberculosis 
there costs the United States government $30,000. In Germany, as in most 
countries abroad, streptomycin and para-aminosalicyliec acid (PAS) have been 
used mostly for meningeal and miliary tuberculosis. TB(1) in Germany has 
been used in less than 10,000 persons, and the results are not convincing. It is 
used mostly for bronchial, intestinal, and glandular tuberculosis. 

In Copenhagen, excellent conditions exist. One-quarter of the whole popula- 
tion is x-ray or tuberculin tested every year. Everybody is examined, there- 
fore, every four years. Their mortality rate of 34 per hundred thousand is 
among the lowest in the world, but tuberculosis is still the great killer there. In 
Rumania, Czechoslovakia, and Austria they report the use of an antigen called 
tuberculomucin, but its real value has not been established. 

In Italy, France, England, and Ireland, the conditions are better than they 
are in Central Europe, but still very bad. Ambulatory pneumothorax is the 
national pastime. In Italy, Dr. Pasluci, Dr. Monaldi, and others are excellent 
surgeons, but a proper program of tuberculosis control does not exist. 

In Switzerland, where the conditions should be ideal, the mortality rate is 
still about 67 per hundred thousand. They have good hospitals and doctors, 
but thousands there are still dying from this disease. 

In South and Central America as in all of Europe and Asia the treatment 
of tuberculosis is not much more than a gesture. Ambulatory pneumothorax is 
the only treatment that can be used on a large scale. Time and space prevent a 
detailed report on all the countries [ have visited, but, in a general way, their 
problems are the same and tuberculosis eradication is still a dream of the long 
distant future. 

President Roosevelt was certainly ill advised when, a number of years ago, 
he said, ‘‘Now that we have tuberculosis under control, we must begin on 
cancer.’’ One wonders whether, when we discover the cause of cancer, we shall 
be as apathetic and lethargie in applying our knowledge to treat this disease 
as we are with tuberculosis. 

There is no need to mention the great strides made in the surgical treatment 
of this disease. It is rather its improper use upon which I should like briefly 
to dwell. Surgery plays only a small part in the over-all picture of tubereu- 
losis eradication, but it, together with antibiotics and other measures now em- 
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ployed for salvage, will be for many years to come an essential and integral 


part of our program. The millions of persons now living, and the millions more 
to follow who may contract this disease, however, should be our greatest concern. 
For these we are doing very little. We, as surgeons, are really working on the 
wrong end of the line, trying to overcome the ravages of a communicable disease 
that should not exist. 

We have all been lulled into a sense of false security by the repeated state- 
ments that tuberculosis is on the decline or is ‘‘under control.’’ We go on our 
way embellishing techniques or substituting some new bizarre, and often ridicu- 
lous, measures which accomplish less than the ones they were intended to sup- 
plant. In my recent world tour, I saw and heard of many sueh procedures. 
These are frequently used also in this country. 

Pneumothorax is rapidly being discarded as a procedure of choice. Its 
many complications of fluid, empyema, frequent inability of lung re-expansion 
following its use, together with the inability to determine the condition of the 
lesion in the collapsed lung, impossibility of knowing when to discontinue it, 
ete., have convinced most observers that it should be virtually abandoned. It is 
still used routinely, however, in some places, often being carried on for years 
with the patient at home, with positive sputum under ineffective collapse. The 
same is true of pneumoperitoneum. 

I have discussed intrapleural pneumothorax at length because the same 
complications that follow its use are also encountered in the surgical procedure, 
extrapleural pneumothorax. When the extrapleural space is maintained by air, 
these complications are about the same as just described, but many surgeons are 
not satisfied with this debacle and fill the space with all sorts of foreign bodies. 
Those most frequently used are Gomenal, paraffin, and Lucite balls. Gomenal 
sometimes develops into a pus poultice. Many years ago I had two patients 
drown following its rupturing into a bronchus. Paraffin may also rupture into 
the bronchus or become infected, and frequently does. Lucite balls, from pres- 
sure and necrosis, sometimes rupture into the mediastinum, the other hemi- 
thorax, the neck, or any place available. At Duke University years were spent 
digging out these balls, but today many surgeons are still using them routinely. 
The use of these procedures is haphazard, unscientific, inexact, and inexcusable. 
We have all seen even small cavities change in position, but not in size, under a 
90 per cent collapse with pneumothorax or thoracoplasty. How, therefore, can 
anybody without Divine guidance know how much paraffin or how many Lucite 
balls will be necessary to cause cavity closure. Furthermore, once they are put 
into the space, they obscure the x-ray examination and one cannot tell whether 
cavities are closed or not. If they are still open, further attempts to close them 
might be extremely hazardous. Nature, however, apparently rebels at the 
presence of foreign bodies, and seeks to eject them in one way or another. 
There are some few isolated cases, with extensive collapse in the contralateral 
lung and low respiratory reserve, with a small cavity high up in the apex of 
the other lung, where a small pack might be excusable, but their routine use 
should be abolished. 
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Our best results are usually found following thoracoplasty. Tuberculosis 
is a systemic disease, and therefore when it seems probable that thoracoplasty 
ean accomplish the desired results, it is preferable to resection. There are 
numerous lesions not amenable to it, however, such as tuberculous bronchi- 
ectasis, stenotic bronchi with diseased lung beyond, coin and round lesions, and 
parenchymal lesions that cannot be differentiated from carcinoma. In numerous 
other conditions in which resection might be preferable there is a great difference 
of opinion. I hope this may be standardized as much as possible. 

The greatest number of lung resections are done for the group of patients 
whose cavities remain open after thoracoplasty. I should like to diseuss this 
eroup in more detail. Cavities still remaining open after this procedure are 
often due to bad thoracoplasties, and ridiculous embellishments of it. The use 
of small or multiple incisions, working in the dark to dig ribs out of a tunnel, 
failure to remove transverse processes, the use of all sorts of temporary packs 
between stages to overcome failure to remove sufficient lengths of ribs overlying 
the cavity are the most frequent causes of failure. If a good clean thoracoplasty, 
done under good vision, is performed, with the removal of all transverse processes 
including the first, and the complete removal of at least the first three ribs to the 
cartilages including the first cartilage from behind, and the remaining ribs far 
in front, there will be fewer anterior stages necessary, and a marked reduction 
in the number of residual cavities that require resection. After a bad thoraco- 
plasty with cavities still remaining, we are confronted with the difficult decision 
of either Going several stages of revision, plus probable removal of more ribs, 
or of resecting. The patient has, by this time, been subjected to a lot of fruitless 
and unnecessary mutilation after which resection and death sometimes oceur 
needlessly because proper surgery had not been done in the first place. The 
patient’s respiratory reserve will, of course, require some modification of this 
ideal procedure. 

Some surgeons use an anterior stage as the first procedure. Most cavities 
are situated posteriorly. If a thoracoplasty is properly done from behind, this 
stage is often not required. Some surgeons use it routinely after two or three 
posterior stages, regardless of the location of the cavity, or that an insufficient 
number of ribs have obviously been removed, with the cavity plainly visible 
posteriorly, directly under the unremoved ribs that are holding it open. By 
this time the rebridged bone, in the upper deecostalized area, is so firm that an 
anterior stage is practically useless. 

The Monaldi operation and cavernostomy have been practically discarded 
throughout the world, except for symptomatie relief or preparatory to thoraco- 
plasty. In my travels I found only Monaldi himself advocating his procedure 
in preference to thoracoplasty, resection, ete. In Vienna, Denk is very partial 
to ecavernostomy, but he was the only one I found who favored it. However, 
there are still some few surgeons who are using these procedures routinely in 
America. 

I find reports of permanent paralysis, following crushing of the phrenic 
nerve, varying from 5 to over 20 per cent, depending upon the technique used. 
In some clinies, the nerve and sheath were macerated by 7 or 8 erushings; others 
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tied silk tightly around the sheath to make identification easier on a second 
erushing. Many other insults to the nerve and sheath have been perpetrated. 
Actually there is necessity for only one crushing of the nerve with a fine forecep 
and severing of small accessories. If the accessory nerve is a large one, it only 
should be crushed in my opinion. If small incisions and eareful dissection are 
used I believe permanent paralysis will oceur in not much more than 1 per cent. 
With recrushings and those done in conjunction with pneumoperitoneum, the 
percentage will be somewhat higher. 

Streptomycin, PAS, ete., have in this country completely revolutionized 
the surgical treatment of this disease, but so much has been written on this 
subject that I shall not discuss it here. Waksman’s recent book contains a 
chapter on the subject which I wrote. 

It has been determined, however, that patients with tuberculous cavities, 
become resistant to streptomycin much earlier than those without them. It is 
imperative, therefore, that with cavitation some form of collapse be given simul- 
taneously with streptomycin. In unilateral lesions, phrenic operations and 
thoracoplasties are the procedures of choice, but in bilateral lesions, pneumoperi- 
toneum may be utilized until one side becomes stable, and it can be determined 
what permanent procedure, if such is necessary, may be performed. 

In spite of surgery and our present antibiotics, however, we are not getting 
tuberculosis under control, for no matter how many we salvage the host of new 
victims are forever surging onward with a horrible toll. The hoped for benefits 
from case finding and hospitalization are rarely achieved for, in most or all 
places, such scarcity of hospital beds exist that it sometimes appears futile to 
find active cases when little can be done about them when they are discovered. 
This condition will always exist in most parts of the world. After hospitalization 
has been accomplished many patients leave against medical advice and go back 
to their homes, again spreading tuberculosis to all with whom they are in 
contact. The stupid requirements for nurses’ training also adds to our difficulties. 
Thousands of patients with positive sputum roam the streets awaiting admission 
to sanatoria, which is denied them because of deficient nursing personnel. Case- 
finding programs are usually haphazard, sporadie affairs carried on in the most 
densely populated areas, and in schools, with a great bulk of the population not 
reached. 

It is argued that in the United States with its relatively low mortality rate 
further measures are unnecessary. However, about 50,000 die of tuberculosis 
here every vear and 500,000 or more have active disease. The incidence of 
tuberculosis seems to me to be of more significance than death rates; and we have 
no proof that the incidence is on the decline. Death rates fluctuate with economic 
conditions, wars, facilities for isolation and treatment, inherent and acquired 
resistance, ete., and cannot be an accurate guide to incidence. The examination 
of millions of draftees in the last war should have caused a tremendous decline 
in both mortality and incidence. Lack of hospital beds for active cases, however, 
counteracted much of the expected results. Many individuals also with known 
disease refused to be hospitalized during this period, because of high wages 
paid for labor, and remained at work, living with their families spreading 
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disease until it was too late for treatment. This practically nullified the results 
of this mass survey. In the last few years the use of streptomycin, PAS, and 
surgery have caused a drop in death rates. Many whose deaths have been 
retarded by these measures, however, will die later and cause an upswing in 
mortality rates. In the war-torn countries of Europe, the recent reduction in 
death rates is only apparent, not real. Many individuals who under normal 
conditions would have lived through the peak of the high death rates of 1945 
and 1946 died prematurely from lack of heat, food, light, ete., causing an up- 
swing in mortality rates. Following their deaths there would obviously be a 
drop in death rates, for most of the very ill individuals were gone and there 
were left those with early lesions, and disease in those persons who had sufficient 
resistance to overcome all these hardships. The mortality rates may soon turn 
upward again unless some other methods are employed to combat the disease. 
Let us suppose, however, that our present methods are sufficient and we can 
actually rid our country of active tuberculosis. Negative tuberculin reactions 
and lowered resistance increase as active tuberculosis decreases so we would then 
develop a race of individuals like the Eskimos, Indians, and Negroes who because 
of lack of contact with tuberculosis have little resistance to it. It would not 
be long before this new race would die from tuberculosis like rats caught in a 
trap created by us. Many observations seem to confirm the probability of this 
occurrence. One of the most interesting of these occurred on the Island of 
Bornholm, where the incidence of tuberculin negative individuals was the highest 
in Denmark. When these persons went to other countries, or areas where 
tuberculosis was more prevalent, and returned, an alarming rate of active 
tuberculosis was found among them. This continued until tubereulin negatives 
were converted to positive before leaving the island. We cannot completely stop 
the constant flow of people to and from other countries. The more we decrease 
the incidence of tuberculosis in one country, or parts of it, therefore, the greater 
is the need for protection to tuberculin negative individuals. Unless we use 
vaccination as in smallpox, diphtheria, ete., there is, in my opinion, no hope 
of ever obtaining this protection, without which the eradication of tuberculosis 
is impossible. We have such a vaccine available, but through ignorance of its 
efficiency, misunderstandings regarding its harmlessness, prejudice, jealousies, 
lethargy, and apathy, its use has been neglected. That vaccine is B.C.G. 
There can be no question at the present time as to the efficiency and harm- 
lessness of B.C.G., but its development has been a slow process. When Koch 
discovered the tubercle bacillus in 1882, the conquest of tuberculosis was thought 
to ke within our grasp. He found that a guinea pig, already tuberculous, was 
resistant to a second tuberculous infection. The original infection ran its usual 
course, but a second inoculation produced only a local reaction, and healed 
rapidly. This is Koech’s phenomenon. Healed lupus also produces protection 
against tuberculosis. These discoveries made it quite clear that increased re- 
sistance to and prevention of tuberculosis could be accomplished if a safe method 
were discovered to produce it. Tubereulin was tried at first. Many workers 
also tried dead tuberele bacilli, but all were disappointed with the results. Ex- 
perimental work, however, is still going on with dead bacilli, and also with the 
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vole bacillus of wells. The use of live tubercle bacilli was then started. All 
sorts of experiments were made and conflicting reports appeared in literature. 
It was not until Calmette and Guérin in 1908, using the Noeard’s bovine strain 
of the tubercle bacillus from the udder of a cow, that real progress was begun. 
At the start of these experiments toward the attenuation of the live bacillus, it 
was so virulent that 3 mg. injected into calves produced death in 5 to 6 weeks. 
However, after 30 passages on glycerine bile potato medium every 25 days, it 
became innocuous for calves. Eleven years after the start it became innocuous 
for guinea pigs which have practically no resistance to tuberculosis. In 1924, 
Calmette declared it a ‘‘Virus Fixe’’ which would remain avirulent. This was 
accomplished after 230 subcultures of the strain had been made. To insure 
this avirulence constant assaying of cultures is necessary. In 1927, Petroff 
published his work and claimed he had grown a virulent variant called ‘‘S”’ 
from Calmette’s B.C.G. culture as well as the ‘‘R’’ which was avirulent. The 
political and personal squabbles and jealousies that followed between men and 
nations were disgusting and are too numerous to mention. Some supported 
Calmette and others Petroff; others had views of their own. Much confusion 
existed, but Calmette, Guérin, and their followers remained firm in their belief 
and vaccination of human beings continued. In 1930, the Lubeck disaster oc- 
curred which shocked the world and did a great deal to destroy confidence in 
B.C.G. So much confusion existed then and still persists that a detailed report 
of the incident I feel is necessary. 

Early in 1930, 249 infants were vaccinated in the town of Lubeck, Germany. 
The vaccine used was a culture of B.C.G. from the Pasteur Institute. Later 73 
infants died. Criminal proceedings were started and all vaccinations were 
stopped. Investigators found first that the strain from which the vaccine came 
was avirulent when it left the Pasteur Institute, and to this day it has remained 
so. A vaccine made from the same culture had been given to infants, in another 
city, at the same time and there were no untoward results. Cultures were made 
from autopsy material and the organisms grown were of the human type. B.C.G. 
is from bovine tubercle bacillus. In the laboratory at Lubeck there was a human 
culture from Kiel. When the Kiel culture was grown on boullion it gave a green 
color which never occurs from B.C.G. Ampules of the vaccine as given at 
Lubeck were grown on boullion and the green color occurred. Cultures from 
autopsy material also turned green, so it was the Kiel culture used by mistake 
that caused the deaths and not B.C.G., for as stated B.C.G. does not produce the 
green color. The court so decided and declared B.C.G. blameless. 

When Calmette died in 1933, the use of B.C.G. was practically discontinued. 
The Seandinavian countries, however, as well as some others, retained their 
faith in Calmette and continued its use. Gradually it was started again else- 
where. Not one report of untoward results or suggested virulence has been 
reported in the last twenty vears. It is now accepted in most of the countries 
of the world. The worry today is not that the use of the vaccine is hazardous, 
but rather that it might not be virulent enough to cause sufficient resistance and 
immunity to tuberculosis. In one instance 400 times and in another 2,000 times 
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the usual dose was given by accident with no ill effects. The liquid form loses 
some of its potency if too long a delay occurs between its manufacture and its 
use. Dry vaccine can be transported with less need for haste. 

B.C.G. is just now coming into its own. The numbers of controlled vae- 
cinations in each country, however, are naturally relatively small. In all groups, 
however, the morbidity and mortality rates were markedly reduced and no 
complications followed its use. 

In India I was told by both Dr. Benjamin, Tuberculosis Adviser to the 
Government of India, and Dr. Mani of the World Health Organization in Delhi 
that because of the lethargy of the United States and England regarding its 
use the doctors are skeptical of its effieaev and its popularity in India has been 
seriously retarded. 

In Japan the mortality rate, in 1945, was 289 per hundred thousand. In 
that country as in others vaccination is now compulsory. Under General Mae- 
Arthur and Brigadier General Sams the mortality rate has been markedly 
reduced. Thirty-one million B.C.G. vaccinations have been given there with 
not one untoward result. In the vaccinated group the reduction in mortality 
has been 88 per cent. This was done under the badly overcrowded and un- 
hygienic conditions. 

In Copenhagen B.C.G. vaccination has been carried on since 1927, but its 
use was carried on slowly and with great care. At first various small groups 
were vaccinated with proper controls, ete., but in 1947, mass vaccination was 
begun. Three hundred thousand vaccinations have been done to date, 150,000 
of which were in the last two vears. Statistics for large groups therefore are 
not yet available. In the well-controlled: groups, however, some startling figures 
ean be obtained. The most striking of these was in an underground shelter 
in a Jutland school where by chance the most favorable conditions for evaluating 
B.C.G. were present. There were three groups of children; 105 of whom had 
positive reactions from contact, 106 were positive by vaccination, and 94 tuber- 
eulin negative and not vaccinated. They were all underground, no light, no 
ventilation, the same food, ete., and had as a teacher a person with active tuber- 
culosis. An epidemic of tuberculosis broke out and a check-up revealed that 
in the 105 children positive from contact 4 developed tuberculosis. In the 106 
positive by vaccination 2 developed mild tuberculosis. In the tuberculin negative 
group of 94 not vaccinated, 70 developed tuberculosis. Dr. Tonderlund in 
Copenhagen stated that vaccination will cause an immunity in 70 to 90 per cent 
and will last from 44%4 to 5 years. If tuberculosis does develop in those vae- 
cinated, it is usually of a milder form. They have found also that patients with 
positive tuberculin reaction from contact develop tuberculosis 8 to 1 over those 
positive from vaccination. This is because many contact positives already have 
active disease which will show up later. This will not be true in a controlled 
vaccinated group. 


It is impossible to dwell at length on the results of the large number of 
persons vaccinated throughout the world, but I shall give you just a brief 
summary of some of them. They are, of course, all in well-controlled groups. 
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In Sweden about 500,000 persons have been vaccinated. In 1945, Anderson 
and Belfrage reported vaccination of 10.6 per cent of the population of Gothen- 
berg, Sweden, where the mortality as a whole was 68 per hundred thousand, but 
no deaths from tuberculosis occurred in the vaccinated groups. 

In Orebro, Sweden, Malmos reported 22,413 vaccinations with no deaths in 
the vaecinated group, and only one ease of tuberculosis developing in those 
vaccinated. 

In Bores, in the same country, Torwell reported 19,000 vaccinations by 
1947, and the mortality rate was 1 to 19 in the vaccinated group as compared 
to those not vaccinated. 

In Norway, more than 400,000 vaccinations have been done. Heinbeck 
reported that in controlled groups the morbidity and mortality in the vaccinated 
persons was from one-fifth to one-tenth in the nonvacecinated. This was after 
23 observation years. 

In Bergen none of the persons vaccinated between 1937 and 1946 died of 
tuberculosis although the mortality of the city was 78 per hundred thousand. 

In Brazil 164,000 were vaccinated in Rio de Janiero alone up to 1946. 
Orlando de Assis stated that the number of deaths in the newborn infants living 
in tuberculous families varies from 8 to 30 per cent. In the vaccinated groups 
it was 2.2 per cent. 

In Argentina 500,000 vaccinations were done and Gomez reported the 


mortality in the vaccinated group was one-sixth of those not vaccinated. 


In Russia millions of vaccinations have been reported and great claims are 
made of the results, but as no one believes the Russians anyway, and because I 
was refused permission to enter the country to observe their work, I shall omit 
their figures. 

In Uruguay over 200,000 vaccinations have been done and the mortality 
rate is five to six times higher in nonvaceinated than in the vaccinated controls. 

In Columbia 26,800 were vaccinated up to 1948. In one group the morbidity 
was 1.1 per cent in vaccinated group and 15.1 per cent in the nonvacecinated 
group. 

In France 2,000,000 persons were vaccinated up to 1948. All report de- 
creased mortality in vaccinated groups. 

In Greece 34,279 were vaccinated in Athens and Pireus. In one control 
group no deaths from tuberculosis occurred in those vaccinated while 10 per cent 
died in the nonvaccinated. 

In Algeria they vaccinate everyone every three years without taking tuber- 
culin tests. In all these vaccinations as with all the 50 million now given there 
were no ill effects following its use. 

The surprising thing is that B.C.G. is not used more extensively in the 
United States for it is in this country where some of the most competent and 
experienced bacteriologists and investigators of B.C.G. are working, and where 
some of the most carefully supervised experiments on its efficacy and harmless- 
ness were undertaken. The most important of these studies were made by Aron- 
son and Palmer, Park, Rosenthal and Birkhaug. 
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Dr. Park, of New York, reported 690 vaccinated and 755 controls all hailing 
from tuberculous families, carefully analyzed and followed for ten years. The 
mortality rate was one-fourth as high in those vaccinated as in the controls. 
Dr. Camille Cayley, who worked with Dr. Park for twenty-three years, stated 
that when Park died he was convinced that analysis of small groups would not 
properly demonstrate the effectiveness of B.C.G. and advised mass vaccination. 

Aronson and Palmer made a study of B.C.G.-on the North American Indians 
beginning in 1936. There were 1,551 vaccinated and 1,457 controls. They were 
followed for eleven years. There was about 80 per cent reduction in the 
mortality rate in those vaccinated. Aronson now directs a B.C.G. laboratory 
at Phipps Institute in Philadelphia. 

In Chicago under Dr. Rosenthal a rigidly controlled program was conducted 
in several ¢roups. Two of these have been observed for thirteen years. First: 
Newborn infants living in areas where the mortality from tuberculosis was up 
to 300 per hundred thousand. Second: Newborn infants in which tuberculosis 
was present in the household. The mortality and morbidity were reduced in 
all groups. In Group 1 there were seven times as many deaths in the control 
group as in those vaccinated. In Group 2 there were no deaths in the vaccinated 
vroup and four in the control group. Rosenthal now manufactures B.C.G. at 
the Tice Laboratory in Chicago under The Research Foundation, which gra- 
ciously supplies it to many states, including Michigan. 

Dr. Konrad Birkhaug directs a B.C.G. laboratory at Albany, N. Y., which 


furnishes B.C.G. for all New York state. He formerly directed a laboratory at 
Bergen, Norway, for ten vears. He stated that vaccination confers approximately 
80 per cent protection against tuberculosis and is absolutely essential to tuber- 
culosis eradication. , 


These laboratorics could furnish a safe vaccine for all the United States. 
Its indiscriminate manufacture and use cannot be condoned. 

It is, of course, understandable that many countries should have been 
reluctant to embark on a program of vaccination while so much controversy was 
going on, but now that B.C.G. has been universally accepted as absolutely harm- 
less and does confer immunity up to 90 per cent or over, there can no longer be 
any valid reason for it being withheld. Limited experiments are no longer 
necessary. 

Vaccinations should begin at birth in every country of the world. When 
individuals again become tuberculin negative they must be revaccinated and the 
process kept up throughout their lives, giving some meaning to the shopworn 
expression ‘‘from the cradle to the grave.’”’ 

The United Nations, the United Nations International Childrens Emergeney 
Fund, World Health Organization, International Congress on B.C.G., the 
American Trudeau Society, ete., have all sanctioned the use of B.C.G., 
but we with our ostrichlike attitude and restrictions on its use are retarding its 
effectiveness. Our United States Public Health Service, who must know the 
world-wide effectiveness and harmlessness of B.C.G. for the last twenty years, 
still wishes us to continue experimental work on a small scale. They reeommend 
that it be used first on doctors, nurses, and hospital employees, and in areas 
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where tuberculosis is most prevalent. Obviously they consider it harmless and 
effective, for otherwise they could not suggest that their colleagues, nor any 
group, be used as guinea pigs. It is certain that with its use some person in 
contact with tuberculosis will develop the disease before vaccination has time to 
become effective. This event might erroneously be blamed on B.C.G. and is 
likely to induce timidity in official circles. 

We spend billions to avert wars and billions to fight them, yet the suffering 
and loss of life from these conflicts are infinitesimal compared to the ravages of 
this disease for which we do so little. Tuberculosis is not being eradicated any 
place in the world. Let us have the honesty to accept the futility of our present 
methods alone, and the courage to embark immediately on a program of ex- 
tensive B.C.G. vaccination, without which, tuberculosis will present the same 
problems a thousand years from now as it does today. 





INTRATHORACIC NEUROGENIC TUMORS 


Ler Erskinp, M.D., AND KAaRE LiAvaaG, M.D. 
Osto, Norway 


HE intrathoracic tumors originating in nervous tissue constitute a com- 

paratively well-defined group. Their typical site is in the posterior medias- 
tinum, and furthermore, they have fairly typical shape. Because of their site 
they often give rise to no symptoms until they have reached a considerable size, 
and therefore, they are not infrequently found accidentally during a routine 
chest examination. As a result of their slow growth and few clinical symptoms 
they have often been considered purely benign, and since the mortality for 
surgical treatment is about fifteen. per cent in the literature, the principles 
underlying the treatment of these tumors have been poorly defined. In con- 
sidering indications for operative treatment there must be a certain relation 
between the risk of the operative procedure involved and the patient’s prog- 
nosis without operative treatment. We know, furthermore, that in general 
where neurogenic tumors are concerned an operation which is not definitely 
radical can incite the tumor to malignant transformation. 

There has also been a difference of opinion as to the point of origin of these 
tumors. The thorax contains both cerebrospinal and autonomic nerves. Any 
of these may be the primary site of these tumors. Most of the neurogenic 
tumors originate in the intercostal nerves, and it is now a general agreement 
that the nerve sheath is the primary site. However the problem of whether 
they originate in the sheath’s ectodermal component, the Schwann cells (Verro- 
cay, Masson), or from its mesodermal connective tissue component is not settled 
(Bailey, Penfield). Efforts to trace the tumors’ origin to one of these anatomic 
structures have resulted in a confusing number of different names. Here the 
term neurinoma will be used. 

Another group of intrathoracic neurogenic tumors whose origin is in the 
autonomic nerve tissue is the so-called ganglioneuroma. Well-developed gan- 
glion cells are found in these tumors. There may be mixed forms, so that some 
parts of the tumor have the appearance of a clear picture of neurinoma. In 
spite of this there is pathologic anatomie cause to separate these two groups. 
In our material there is only one single case of ganglioneuroma (Case 16). 

Kent and associates (1944) collected 105 cases of intrathoracic neurogenic 
tumors from the literature and found a 37 per cent frequency of malignancy. 
In their own study of 19 cases from the Barnes Hospital they found 41 per cent 
malignancy. If they followed a topographic grouping of their cases, namely 
those situated in the mediastinum and those tumors situated anterior in the 
chest wall, they found that the latter showed a greater percentage of malignancy, 
88.8 per cent, while the true tumors of the mediastinum were malignant in 20.3 
per cent of the eases. 


From the Surgical University Clinie A. 
Received for publication July 17, 1948. 
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Blades (1946) found in his study of 29 tumors that only 1 was clinically 
and histologically malignant. We shall return later to these conflicting sta- 
tisties. 

The diagnosis of these tumors is made chiefly by x-ray examination. The 
appearance is a clear-cut, sharply outlined, nonpulsating tumor mass with 
base located against the mediastinum or spinal column. When there is 
‘‘dumbbell’’ tumor, special roentgenograms will show widening of the inter- 
vertebral foramina. In the same manner, most often in cases of malignancy, 
defects in the adjacent ribs or vertebra may occasionally be seen. However, 
this may also oceur as result of purely mechanical pressure, particularly when 
the tumor is located in the superior suleus, so it is not a certain symptom of 
malignaney. Exudative reaction in the pleura, even hemorrhagic, is not a defi- 
nite sign of malignaney (Harrington). Intrathoracie neurinoma in connection 
with von Reeklinghausen neurofibromatosis is often malignant (Ewing) 


MATERIAL AND METHODS 


At the University Hospital, Oslo, Surgical Clinie A, in the period from 
1933 to 1947, 21 cases of intrathoracic neurogenic tumor have been treated. 


There were 11 women and 10 men varying in age from 21 to 59 years 
(Table I). There are comparatively many in the age group from 20 to 30 
years, while the remainder are evenly distributed in the group from 30 to 60 


years. 

In 12 of the patients the disease was accidentally discovered during a 
routine chest examination. The other 9 went to the doctor for symptoms which 
led to a special examination of the lungs. These symptoms were as follows: 
dyspnea in 2 cases, pain in the affected side of the chest in 5 eases, palpable 
tumor on the anterior chest wall in 1 case. In 2 cases in which the tumor was 
located in the superior suleus a Horner’s syndrome and pain in the shoulder 
and arm with paralysis and atrophy were present. This Pancoast syndrome 
should be borne in mind in all stubborn cases of neuralgia of the shoulder area. 
The neuralgia often precedes the full development of Horner’s syndrome. 

The diagnosis of neurinoma or probable neurinoma was made in 17 cases 
on the basis of roentgenograms. In one ease a diagnosis of mediastinal tumor 
was made, but it was impossible to classify the tumor further. One ease (Case 
16) diagnosed as tumor of the lung will be discussed later. In one case (Case 
18) there was a coincidental syphilitic infection, so that the possibility of a 
syphilitic process in the chest was discussed. The tumor mass remained un- 
changed after antisyphilitic treatment, and since it had the typical appearance 
of neurinoma, the patient was operated upon and this diagnosis verified. As is 
seen from the foregoing, the roentgenologic diagnosis is relatively certain, at 
least in the ease in which the tumor has a typical site (Figs. 1 to 5). In some 
cases of dermoid eysts of the mediastinum the differential diagnosis can be 
difficult (Fig. 6). Most of the tumors were localized in the upper posterior 
mediastinum. In two eases (Cases 2 and 21) the tumor was localized on the 
anterior chest wall. These tumors were malignant, and one of them recurred 
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Fig. 3. 


1, 2, and 3.—A typical neurinoma of the fifth intercostal nerve. The planigram shows 
its base pointing against the mediastinum. 
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after a short time. One tumor (Case 16) was situated near the hilus of the 
lung between the upper and lower lobes, so that the possibility of a primary 
neurinoma with origin in the lung itself was discussed, though this is a very 
‘are condition (Barlett and Adam). During the operation it was evident that 
the neurinoma had its origin in the recurrent nerve and the patient showed 
postoperatively signs of paralysis of this nerve. Blades and Dugan have re- 
ported a ease of neurinoma of vagus origin. One of our patients (Case 19) also 
had a neurinoma of probable vagus origin. The rest had their origin in the 


intercostal nerves. 


Fig. 4. Fig. 5. 


Figs. 4 and 5.—Neurinoma localized in the superior sulcus producing the Pancoast syndrome. 


The treatment was operative in 20 cases. In some cases we attempted a 
paravertebral, extrapleural approach. However, the tumor was so intimately 
attached to the pleura that a lesion of pleura resulted in all cases except one. 
This experience led to the use of the usual transpleural dorsolateral thoracotomy 
incision in all our later cases, as it gives a much more satisfactory exposure. 


There were 2 postoperative deaths (Cases 4 and 8): One patient died the 
day after the operation without having recovered consciousnss. It was con- 
sidered as a result of anesthesia. Post-mortem examination revealed degenera- 
tive changes in the cerebrum. Th other patient died four days postoperatively 
with a hyperpyrexia. Chemotherapy had no effect. In post-mortem examina- 
tion nothing was found to explain the hyperpyrexia or the immediate cause 
of death. 

Other complications were two postoperative empyemas which had to be 
drained. One of these developed first a typical clotted hemothorax which was 
secondarily infected. The possibility of performing decortication to produce 
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expansion of the lung was discussed. Later x-ray examination revealed full 
expansion of the lung. The others all developed a postoperative hemorrhagic 
exudate which was aspirated. It was occasionally difficult during the operation 
before the time of absorbable hemostatic agents to get complete hemostasis in 
the tumor bed. This is possibly the reason for the not infrequent marked post- 
operative temperature reaction observed in this material. Follow-up examina- 
tions showed, however, that the lung had completely expanded in all eases. 

Thrombosis occurred once. Paralysis of the recurrent nerve once. As 
mentioned before this may have been due to origination of the tumor in the re- 
current nerve. One patient died a few months after the operation, as result of 
recurrence of the tumor. One patient developed recurrence in the course of a 
few months. His tumor was located in the anterior chest wall. Microscopic 
examination revealed malignant neurinoma both in the primary and the re- 
current tumor. None of the remainder of the patients showed any sign of re- 


Fig. 6.—Dermoid cyst in the upper mediastinum. 


currence at follow-up examination. It is evident from this examination that 
the postoperative prognosis is good in all cases in which the primary lesion was 
a benign neurinoma. Even the cases (Cases 1, 3, and 16) in which the histo- 
logie examination showed some signs of atypical growth, remained symptom 
free. Therefore this study does not support the view held by some that these 
patients should not be operated upon because of the danger of recurrence. 
lhe same conclusion may be drawn from Makka’s study. 


In this material there were 2 postoperative deaths. One death (Case 4) 
eurred in a patient with a malignant Pancoast tumor; in this case there were 
bvious indications for operation. The other death (Case 8) oceurred in a pa- 
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tient whose tumor was an accidental discovery and who had no clinical symp- 
toms. The tumor was histologically benign. Such a fatality cannot but raise 
the question of whether or not operation is indicated in a ease of this sort. 


Big. 7. 





Fig. 8. 


Figs. 7 and 8.—Variation in the histologic picture in an individual tumor. 





EFSKIND AND LIAVAAG: INTRATHORACIC NEUROGENIC TUMORS 21 


Histologically the intrathoracic neurinomas are often characterized by a 
marked variation of the cells within the individual tumor (Figs. 7 and 8). The 
same is true of the single case of recurrent tumor. There are markedly atypical 
areas relieved by fibrous areas containing few cells. Therefore only a system- 
atie examination of the entire tumor is a dependable basis for judging possible 
malignaney, while a negative puncture biopsy is of little value. Geschickter 
(1935) divided his material of 850 peripheral nerve tumors of which most were 
extrathoracie, into two groups. One group showed marked cell differentiation, 
frequently nuclei arranged in palisades and also considerable collagenous tissue. 
This group had little tendency to malignant transformation. The other group 
showed less differentiation of the cells, contained considerable reticular and 
mucoid tissue and had a tendency to clinical malignancy. Von Reckling- 
hausen’s disease fell into the latter group. He found that 41 per cent of the 
tumors reported were malignant. 

A grouping of the histologic material, as done by Geschickter with peri- 
pheral nerve tumors, could not here be followed through. We have merely 
divided into a malignant, a benign, and a semimalignant group showing a few 
signs of atypical cells (Table I). In this study the atypical nucleus changes 
were found to be most certain criteria for defining malignancy. The number 
of mitoses is usually small even in malignant tumors, but in positive cases, par- 
ticularly where there are pathologie mitoses, it is a trustworthy sign of malig- 
naney. Invasive growth appears to be a late symptom because the tumors re- 


main encapsulated over a long period. Other findings worthy of mention are 
the cell number, the development of intercellular substance, and the occurrence 
of leucocytes, but they are of secondary importance. However, it may be said 
that if the tumor tissue contains few cells and is rich in collagenous fibrils it 


is not likely to be malignant. 


COMMENT 


The problems which arise in diagnosed intrathoracic neurogenic tumors 
are, first: how shall the typical tumors be treated? In conjunction with this 
question certain secondary problems present themselves. How often do these 
benign tumors undergo malignant transformation, and which clinical evidences 
of malignancy are demonstrable? In considering the latter question we have 
attempted to evaluate the topographic anatomic and histologic data in relation 
to the clinical picture. 

It appears that tumors which produce objective symptoms, particularly 
those of nerve compression, must be regarded with suspicion of malignaney. 
In the eases in which the tumor was discovered during a routine x-ray examina- 
tion, there is a much lower frequency of malignaney than in cases displaying 
clinical symptoms. Furthermore, collected statisties show that these tumors in 
children under 15 years of age are often malignant. 

In considering the localization, it is found that in adults, where the tumor 
has the typical site in the posterior mediastinum, it is often benign, while, if 
the tumor is located in the anterior chest wall, it is often malignant. Further- 
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more both cases in this study (Cases 4 and 13) with localization in the superior 
suleus were malignant. These tumors also are in a special group, because they 
give early pressure symptoms and present considerable difficulty for radical 
extirpation. The size of the tumors in this material did not give any definite 
prognostic data though none of the small tumors were malignant. As a whole 
it appears that there are no definite clinical criteria for possible malignancy. 
Puncture biopsy is not decisive, except in those cases in which it gives a definite 
answer of malignancy. An added factor is that the malignant tumors have a 
poor prognosis, no matter what the treatment, so the advantageous period for 
surgical treatment is gone. 

As to the second problem it is difficult to judge the benign tumors’ tend- 
ency to undergo malignant transformation because there is no unoperated 
material that has been observed over a sufficiently long period. Therefore we 
have only the frequence of malignaney as an index, and it varies markedly in 
the different material reported, as mentioned earlier. Thus in Kent’s own 
study and in his collected study, the frequency is high, 41 and 37 per cent, 
while in Blades’ study and this study, where a larger number of the patients 
had tumors accidentally discovered, the frequency is lower. If the tumors in 
this study are divided into two groups, those which produced symptoms and 
those discovered accidentally, the frequency of malignancy is 4 of 9 and 0 of 
11, in that order. Even though it is presumed that many patients can live long 
with intrathoracic neurinoma, these figures should indicate that the tumors 


have so marked a tendency to malignant transformation that the only effective 
method of treatment, radical surgical extirpation, is indicated. Although the 
operative mortality is high in the cases operated on some time ago, it may be 
expected that it will be greatly reduced by the recent progress in chest surgery. 
Another factor which will reduce the operative mortality is that by early opera- 
tion the percentage of benign tumors is greater and therefore the operative 
risk less. 


SUMMARY 


1. This is a review of 21 intrathoracic neurogenic tumors, 20 of which 
were treated surgically, 12 were discovered accidentally, 9 presented clinical 
symptoms. Those discovered accidentally were all benign. Four of those 
which presented symptoms were malignant, 2 of them were localized in the 
superior suleus, and 2 in the lateral chest wall. 

2. The difference in frequency of malignancy in the asymptomatic and the 
symptom-producing groups, together with the histologic findings of a semi- 
malignant group, is evidence that malignant transformation is not infrequent. 
The fact that none of the small tumors were malignant supports this view. 

3. It is only possible to ascertain the number of tumors which will later 
undergo malignant transformation by observation over a period of years. 
Where the poor results of treatment of the malignant tumors are compared with 
the good results of treatment of the benign, the advisability of such an experi- 
ment is doubtful. 

4. Every diagnosed intrathoracic neurogenic tumor must be considered 
potentially malignant and should be treated surgically. 
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TRANSTHORACIC APPROACH FOR COMPLETE REMOVAL OF 
THE POSTERIOR MEDIASTINAL AND INTRAVERTEBRAL 
PERINEURAL FIBROBLASTOMA 


Rosert A. Grorr, M.D., Herpert R. HAwTHOoRNE, M.D., AND 
Henry A. SHENKIN, M.D. 
PHILADELPHIA, Pa. 


UMORS arising from nerve sheaths and growing both in the intravertebral 

canal and posterior mediastinum are generally described as dumbbell or 
hourglass tumors. Usually these tumors have been removed by separate surgical 
attacks upon their component parts. Those small tumors which have extended 
from the intravertebral canal into the paravertebral region have not infre- 
quently been removed through the usual laminectomy incision and resection of 
the transverse processes of the vertebrae and the articular ends of one or more 
ribs (Heuer,' Naffziger,?, Alessandri,* Craig‘). The massive posterior medi- 
astinal extensions from the intravertebral canal would pose a dangerous and 
generally impossible technical problem for a one-stage removal through the 
usual laminectomy approach. For these latter tumors, a two-stage procedure 
was devised. Harrington and Craig® reported a successful removal of a dumb- 
bell tumor which grew primarily in the mediastinum combining bilateral 
laminectomy and thoracotomy through separate incisions. With the experi- 
ence we gained from the following patient, it is our purpose to describe a some- 
what different approach for the one-stage removal of these large hourglass 
tumors because we believe the procedure greatly simplifies the technical prob- 
lem. 

CASE REPORT 

Historical Data.—E. B. (Case 172994), a white girl, aged 17 years, was admitted to 
the Graduate Hospital on May 6, 1947, complaining of weakness and numbness of the legs 
and inability to void. She was perfectly well up to three years before admission to the hos- 
pital when she developed pain in the right shoulder and scapular area. This pain radiated 
into the right arm. It was both burning and knifelike in character and continued almost 
constantly for a period of two years when it lessened considerably. One year before ad- 
mission the patient noticed weakness of the legs which slowly progressed so that she had 
great difficulty in walking. About three weeks before admission to the hospital, numbness 
and tingling developed in both legs, right more than the left, and at approximately the 
same time she noticed difficulty in initiating urination, When admitted to the hospital she 
required regular catheterization. 

The past and family history were irrelevant. 

Physical and Neurological Examination.—The patient was a well-developed, thin woman 
slightly above average height. A detailed physical examination was essentially normal, ex- 
cept for a palpable bladder. The blood urea nitrogen, blood sugar, complete blood count, and 
urinalysis, except for a few pus cells, were within the normal range. 

Neurological examination revealed the cranial nerves and upper extremities to be 
normal, The lower extremities were definitely weak in all muscle groups and they were 
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narkedly spastic. Knee and ankle reflexes were increased and there was a bilateral un- 
sustained ankle clonus with a bilateral Babinski reflex. Abdominal reflexes were absent. 
Sensations of pain and temperature were reduced in patches over the lower extremities and 
ibdomen, suggesting a level at about the eighth thoracic vertebra. Position, touch, and vi- 
ratory sense were normal throughout the trunk and lower extremities. 

Special Studies—Lumbar puncture was not done because of studies described below. 

X-ray films of spine disclosed a sharply demarcated defect involving the lower portion 
if the body of the second and upper portion of the body of the third thoracie vertebrae on 
he right (Fig. 1). This bone defect was edged by a line of increased density. Associated 
vith this defect was a soft tissue mass, measuring 5 em. in diameter, extending into the pos- 
erior mediastinum (Fig. 2). The cervical spine showed no abnormalities. The superior 
ind inferior plates of the bodies of the upper lumbar vertebrae were irregular and the first 
lumbar vertebra appeared to be wedged. This was interpreted as possibly the result of an 
jd, mild osteochronditis. 


Fig. 1. Fig. 2. 
Fig. 1.—Roentgenogram of chest and upper thoracic spine showing tumor eroding bodies 
of second and third thoracic vertebrae. 
Fig. 2.—Lateral roentgenogram of chest showing extension of tumor into posterior 
mediastinum. 


As a result of x-ray studies, a diagnosis of a tumor of the posterior mediastinum coming 
from the intervertebral canal was made. Because of the three year history, a benign, peri- 
neural fibroblastoma was suspected. It was felt that the best opportunity for a complete 
removal in a one-stage procedure was offered by the combined efforts of the thoracic and 
ieurological surgeons. 

Operation—On May 14, 1947, with the patient lying in a full lateral position upon 
the left side, and under endotracheal ether-oxygen anesthesia, an incision was made beginning 
3 em. below the upper border of the right trapezius muscle, midway between the spine and 
posterior border of the right scapula, extending downward and curved outward to the aus- 
‘ultatory triangle. The scapula was retracted anteriorly and 10 cm. of the posterior por- 
ions of the third, fourth, and fifth ribs were removed subperiosteally down to the transverse 
processes of the vertebral body. The right pleural cavity was entered, and in the posterior 


nediastinum to the right of the spinal column, a large, very firm tumor covered with parietal 
leura was exposed. The tumor extended over the midline on the anterior border of the 


T 


ody of the third dorsal vertebra. he posterior portion of the tumor was fixed to the verte- 
ral border by dense fibrous tissue. The tumor was freed from the vertebral bodies and re- 
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tracted to the right, thus revealing the extension through the intervertebral canal. The tumor 
was about 10 em, in length and the intrathoracic portion about 5 em. in diameter, At this 
point, the neurosurgeon entered the operative team. 

The paravertebral muscles were retracted medially, exposing the right laminae of the 
second, third, and fourth thoracic vertebrae. The tumor from the chest was then mobilized 
completely and also from the portion of the vertebral bodies to which the tumor was attached. 
It was clear that the intervertebral foramina between the second and third thoracic vertebrae 
was markedly enlarged at the point from which the extension of the tumor had occurred. 
However, the tumor mass involved the roots of the fourth thoracic as well as_ the 
second and third, All three roots had to be sectioned in order completely to mobilize the 
tumor. The right laminae of the second and third thoracie vertebrae were then removed, 
exposing the intravertebral portion of the tumor which was anterolateral with regard to the 
dura and spinal cord. The spinal canal portion of the tumor was mobilized without difficulty, 
and the entire tumor removed. Hemostasis was secured readily. The chest muscles were 
then repaired in layers by interrupted cotton sutures and a tight closure secured. Neither 
the pleural cavity or wound were drained. 

Postoperative Course——The patient’s postoperative condition was at all times satis- 
factory. On one occasion, four days postoperatively, 500 ¢.c. of bloody fluid was removed 
from the right pleural cavity, but no other thoracentesis was necessary. After consultation 
with an orthopedic surgeon,* the patient was fitted with a high spinal brace and discharged 
on the sixteenth postoperative day. The surgeon was of the opinion that the erosion of the 
second and third thoracic vertebral bodies, together with the hemilaminectomy performed 
at operation, had so weakened the vertebral column that spinal fusion was indicated. Con- 
sequently, the patient returned to the hospital on July 3, 1947, two months after removal 
of the tumor. A spinal fusion of the first to fourth thoracic vertebrae was performed on 
July 14, 1947, without difficulty, and the patient was discharged wearing her brace on Aug. 
6, 1947. At the time of her final discharge from the hospital, she was asymptomatic neuro- 
logically. When last seen on May 25, 1948, she was symptom-free, neurologically negative, 
and the thoracie spine was quite stable. 

Pathology.—The gross description of the pathologie specimen was as follows: The 
specimen consisted of one large and several small, connected nodules. The entire length of 
the specimen was 11 em. The large nodule was 514 em. in diameter. The cut surface showed 
alternating areas of whitish and yellowish tissue. The tissue was firm, elastic but not hard. 
There were several areas of hemorrhage throughout the specimen, Microscopically the tissue 
was composed of streams of nuclei with occasional tendency to palisade formation. The 
cells appeared to be generally bipolar with long, slender processes lying parallel with each 
other. Between these bands of tissue there were reticulated areas containing polygonal 
edematous-appearing cells. These latter areas, however, formed only a small portion of the 
neoplastic tissue. The tumor was rather vascular and many good-sized vessels were seen 
throughout. No nerve fibers or any fibers resembling nervous tissue were seen, The micro- 


scopic diagnosis was perineural fibroblastoma. 
COMMENT 


The diagnosis in this patient was made by x-ray films which demonstrated 
a marked defect of the bodies of the second and third thoracic vertebrae. This 
finding caused special views to be taken which demonstrated very clearly an 
intrathoracic tumor. In the diagnosis of these tumors, the most important 
single examination is x-ray of the spinal column and special views to bring out 
the soft tissue mass in the chest. The significance of this fact was brought to 
our attention recently. This patient (Case 183736) was diagnosed as having a 
primary spinal cord tumor and roentgenograms of the spinal column were not 


*Dpr. J. T. Nicholson. 
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‘xamined critically by the surgeon. A laminectomy was performed and the 
umor, a perineural fibroblastoma, was exposed and found to extend into the 
nediastinum. Laminagraphs were made after this operation and the large 
nediastinal mass was demonstrated. It was necessary to do a thoracotomy to 
‘emove the extension. Had special x-ray films been made prior to the opera- 
ion of laminectomy, the two-stage procedure would have been avoided. 

The great size of the intrathoracic growth in the patient being reported 
1ade it apparent that the tumor could not be removed completely by the usual 
aminectomy operation. Essentially, the planned approach in our patient con- 
sisted of a wide exposure of the mediastinal mass by removal of the overlying 
ibs, in this instance three, permitting an excellent exposure of the thoracic 
iortion of the tumor which was readily mobilized. It was then quite easy by 
retraction of the paravertebral muscles medially and posteriorly to do a hemi- 
aminectomy and remove ‘the intraspinal portion of the tumor. Bleeding from 
he epidural veins was more readily controlled than in a laminectomy approach. 
"he nerve roots to which the tumor was attached could be seen clearly by 
manipulation of the tumor and consequently easily sectioned. 

Further advantages of this approach are: (1) It provided for the complete 
removal of the tumor under direct vision through one incision. The trans- 
pleural approach allows a complete exposure of the larger portion of the tumor. 
The freeing of the tumor up to the vertebral foramen may then be accomplished 
without difficulty. Mobilization ef this portion of the tumor can be done with 
least danger to the large vessels of the thorax. (2) It enabled the neurosurgeon 
to remove the minimum amount of vertebral bone to expose the lesion. (3) The 
intravertebral extensions of these tumors are generally anterolateral with re- 
gard to the dura and spinal cord. This approach provides more adequate ex- 
posure of this area than does the classical laminectomy. (4) Since all portions 
of the tumor are directly visualized, complete removal can be assured. 


SUMMARY 


A technique for the one-stage removal of the so-called hourglass or dumb- 
bell tumor involving the posterior mediastinum and intravertebral canal is 
deseribed. It consists of thoracotomy for mobilization of the intrathoracic 
portion of the tumor combined with hemilaminectomy accomplished through 
he same incision and by medial retraction of the paravertebral muscles. The 
ntravertebral extension and the narrow isthmus of tumor in the intervertebral 
canal are thus exposed together with the mediastinal portion, permitting the 


‘moval of the tumor in its entirety. 
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CHOLESTEROL PERICARDITIS 


ALEXANDER E. W. Apa, M.D., OswaLp R. JoNEs, M.D., AND 
ARCHIBALD ID, SHEERAN, M.D., New York, N. Y. 


HOLESTEROL pericarditis is an exceedingly rare disease. Only one case 
(Merrill, 1938 has been reported in the English literature. It was first 
described in the German literature, but only a few cases have been reported in 
that country.?- In a Swiss journal in 1941, a case of chronic hemorrhagic peri- 
carditis was described* in which the granulomatous epicardium contained 
numerous collections of cholesterol crystals surrounded by giant cells. Because 
such clinical entities are rare, we are presenting the following case report. 


A 27-year-old opera singer was referred to St. Luke’s Hospital on Nov. 13, 1941, com- 


plaining of increasing dyspnea and fatigability for two months. Until the onset of these 
symptoms she had been in excellent health. On admission dyspnea, which had an insidious 
onset, had progressed to the point where she became out of breath on climbing one flight of 
stairs. Loss of stamina and weakness on admission were of such degree that the slightest 
exertion produced profound distress. In the month preceding admission she had had several 
attacks of ‘‘palpitations’’ and had also noticed a sense of heaviness in the left upper chest 
which was associated with a sharp sticking pain in the region of the left nipple. 

Other than the usual uncomplicated childhood diseases the patient had had no significant 
illnesses in the past. 

On physical examination the rectal temperature was 99.2° F., the pulse 86 per minute, 
and the respiratory rate 18 per minute. The blood pressure was 110/70. The thyroid gland 
was found to be slightly and diffusely enlarged. The area of cardiae dullness was extensive, 
extending from 2.5 em. to the right of the sternum to left posterior axillary line. There was 
a regular sinus rhythm and the heart sounds were described as distant but of good quality. 
No murmurs were heard. The liver, firm and nontender, was palpable 3 em. below the costal 
margin. The remainder of the physical examination was essentially negative. 

Initial laboratory data were as follows: 

Urinalysis negative 
Hemoglobin 85 per cent 
Red blood cells 4.6 million 
White blood cells 11,450, with 64 per cent polymorphonuclear neutrophiles, 
27 per cent lymphocytes, 5 per cent monocytes, and 
2 per cent ecosinophiles 
Kline negative 
Urea nitrogen 10.6 mg. per cent 
Blood sugar 118 mg. per cent 
Total cholesterol 167 mg. per cent 
Serum proteins 6.45 Gm. 
Albumin 4.35 Gm. 
Globulin 2.10 Gm. 
Sedimentation rate 9 mm, per hour 
Basal metabolism plus 7 per cent 


During the course of first two weeks of this patient’s stay in the hospital, various tests 
were performed to corroborate the clinical impression of pericardial effusion. The initial 
x-ray examination of the chest with oblique (Fig. 1) views revealed that the cardiac shadow 


From the Medical and Surgical Services, St. Luke’s Hospital. 
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vas greatly enlarged and globular in shape, extending well posteriorly. The barium-filled 
‘sophagus was displaced posteriorly and to the right. Laminagraphie studies showed a 
iomogeneous density throughout, making it impossible to distinguish cardiac shadow from 
luid. The initial venous pressure was not remarkable (112 mm. of saline solution), but the 
irculation times showed moderate elevations—arm to tongue, using caleium gluconate, was 
wenty seconds; arm to lung, using ether, was thirteen seconds. The vital capacity was 
educed (2,000 ¢.c.). On Nov. 27, 1941, a pericardial aspiration was performed at the left 
ystoxiphoid angle and 140 ¢.c. of viscid golden-yellow fluid was removed. This fluid was 


emarkable in that it seemed to hold in suspension an opalescent yellow material. Five days 


2 ates | 


Fig. 1.—Lateral view of the chest showing enormous distention of the pericardium. 


the aspiration was repeated and 2,200 ¢.e. were withdrawn. The fluid was found to 

a specific gravity of 1.020. Chemical examination revealed the following determina- 
ms: total protein, 5.65 Gm.; albumin, 2.1 Gm.; globulin, 3.55 Gm.; nonprotein nitrogen, 
mg. per cent; total cholesterol, 120 mg. per cent. A direct smear of the material was 
scribed as loaded with cholesterol crystals, with occasional phagocytic cells filled with fat 
bules. Culture yielded no pathogens and guinea pig inoculation was negative. Post- 
jiration cardiograms showed that the T waves in Leads I and IV had become inverted, but 
it the R waves in all leads had increased in amplitude. 

During the second aspiration some air was injected into the pericardial sae and fluoros- 
'y was performed. At this point it was felt that the diagnosis of pericardial effusion 
s not altogether conclusive, but rather that the patient had a large mediastinal cyst 
erior to the pericardium and extending into both thoracic cavities, Because of this diagno- 
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Fig. 2.—Anteroposterior roentgenogram of the chest. Marked enlargement of cardiac shadow. 


Fig. 3.—Anteroposterior view of the chest seven years postoperatively. Pericardial shadow 
within normal limits. Patient symptomless, 





ADA ET AL.: CHOLESTEROL PERICARDITIS 31 


sis surgical intervention was deemed advisable. On Dec. 23, 1941, a thoracotomy was per- 
formed under endotracheal anesthesia. A curved incision was made on the left anterior 
‘hest wall and the fourth, fifth, and sixth left ribs, together with the costal cartilage, were 
‘emoved subperiosteally from the sternum to the midclavicular line. The pericardial sac 
vhich was markedly enlarged and slightly thickened contained fluid which at this time was 
erosanguineous. The parietal pericardium was incised anteriorly and a biopsy was obtained. 
The fluid was aspirated; it was noted that there were several cholesterol plaques on both 
he visceral and parietal pericardium. On complete exploration no mediastinal cyst was 
found. The other structures of the thorax appeared normal. Recovery from the operation 
vas uneventful. 

The pathologie report of the section of the pericardium was as follows. Some of the 
lense hyaline layers of the pericardial sac were recognized, while the lining consisted of 
rranulation tissue with small numbers of inflammatory cells throughout. The mesothelium 
was very poorly preserved. In other areas, the fibrous layer was mostly replaced by masses 
»f cholesterin and by large numbers of foreign body giant cells and some regenerating fat 
ells. There was only slight infiltration with polymorphonuclears and lymphocytes. The 
pathogenesis was not clear but it was possible that it was the result of a pyogenic infection. 
The pathologic diagnosis was chronic pericarditis. 

Bloody fluid was aspirated from the pericardial sac on two occasions following opera- 
tion. Postoperative roentgenograms of the chest continued to show the presence of fluid in 
the pericardial space despite aspirations during and subsequent to thoracotomy. Electro- 
cardiographically no significant change was brought about by the operative procedure. 

Throughout her postoperative period the patient was relatively asymptomatic. At no 
time was there any evidence of dyspnea or peripheral edema. Mobilization was begun on the 
seventeenth postoperative day and she was discharged on the thirty-first postoperative day. 

On Feb. 8, 1946, approximately four years later, the patient was again seen at the 
hospital. At this time she was feeling well and was leading an active life. A chest film 
taken at this time still showed the heart shadow to be markedly enlarged, relatively un- 
changed in size since the examination of January, 1942. The roentgenologist stated that 
from this appearance one could not rule out the presence of fluid in the pericardium. The 
venous pressure was 157 mm. of saline. Other than a negative T, the electrocardiogram 
revealed no significant abnormalities. 

A later follow-up roentgenogram taken Feb. 18, 1948, still showed a somewhat enlarged 
heart, but no signs of pericardial effusion (Fig. 3). 


DISCUSSION 

Merrill’s case of cholesterol pericarditis had several features in common 
with the one which we are reporting. Both were women. Both had an effusion 
fluid containing cholesterol crystals. Merrill’s patient had a basal metabolic rate 
f plus 19 per cent, while our patient had a basal metabolic rate of plus 7 per 
‘ent. These values are important in differentiating this condition from the so- 
‘alled ‘‘myxedema heart.’’ Culture of the pericardial fluid was believed con- 
aminated in Merrill’s case, negative in ours. Guinea pig inoculation was 
iegative in both. In both the electrocardiogram showed low voltage in all leads. 


Significant differences exist, however. Despite the moderately elevated basal 
netabolie rate, physical examination of Merrill’s patient revealed several find- 
ngs suggestive of hypothyroidism: dry, rough, pale skin; low, husky voice; 
oarse features; thinning of the lateral portion of her eyebows. Our patient, 

large robust opera singer, did not exhibit these features. The blood cholesterol 
vas moderately elevated in Merrill’s case (278 mg. per cent), normal in ours 
167 mg. per cent). A hypertension of 250/115 existed in Merrill’s case, falling 
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to normal after pericardiocentesis, while the initial blood pressure in our patient 
was 110/70 without significant change during the course of the illness. 

The possibility of ‘‘masked hypothyroidism’? in Merrill’s case was con- 
sidered and therapeutic trial with desiccated thyroid produced dramatic im- 
provement. However, as Merrill pointed out, there was no definite evidence that 
the patient had myxedema and an alternative diagnosis of an atypical myxedem- 
atous syndrome remained speculative. Thyroid substance was not given to our 
patient. 

It seems appropriate that a brief résumé of the entity known as myxedema 
heart be included in this discussion. As pointed out by Harrell and Johnston,‘ 
serous effusions in myxedema were noted at autopsy as early as 1888. The 
clinical syndrome of myxedema heart was first described by Zondek® in 1918. 
Gordon,® in 1929, first proved that a part, at least, of the apparent cardiac 
enlargement was due to pericardial effusion. Freeman,’ in 1934, presented the 
first complete description of chronic pericardial effusion in myxedema. Harrell 
and Johnston* made quantitative measurements of the cholesterol content in 
the pericardial fluid and in the blood. In our case it was found that the 
pericardial fluid cholesterol was 120 mg. per cent, and the blood cholesterol was 
167 mg. per cent. A similar difference in the protein values was noted in our 
ease; this was also pointed out by Harrell and Johnston.‘ Bullrich and 
associates® performed quantitative studies of cholesterol in a patient who had 
myxedema with pericardial effusion and found that the cholesterol of the peri- 
cardial fluid was slightly higher than the blood cholesterol. 

In 1940, Feasby® reported a case of myxedema with pericardial effusion in 
which he measured the intrapericardial pressure, finding it similar to the pres- 
sures obtained in the pleural space in pleural! effusions. 

In 1946, Howard’ presented post-mortem findings in a ease of classic 
myxedema with cholesterosis and massive pericardial effusion. The pericardium 
was thickened and covered with deposits of cholesterol. The fluid contained 
cholesterol crystals. The cholesterol content of the fluid was 76 mg. per cent. 
These findings were strickingly similar to those described in the case presented 
previously. 

Except for two cases’ '° mentioned previously, cholesterol crystals were not 
found in the pericardial fluid in any of the cases reported in the English litera- 
ture. The significance of this finding in our ease is difficult to evaluate. 

With a normal basal metabolism, normal blood cholesterol, and with none of 
the clinical features of myxedema it is difficult to attribute the cause of the 
clinical picture presented to hypothyroidism. What relation cholesterol peri- 
carditis has to myxedema heart is difficult to say at this time. The German 
investigators found evidence of syphilis and also tubercle bacilli in caseated foci. 
They formed a hypothesis assuming the existence of an antecedent hemopericar- 
dium with hemolysis of the red cells and absorption of part of the fluid to account 
for the presence of excessive amounts of cholesterol. The etiology of the choles- 
terol pericarditis in our case remains obscure, but could be due to the degener- 
ation of a long-standing exudate in the pericardium. 
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SUMMARY 


The second case of cholesterol pericarditis to appear in the English literature 
is presented. For the first time thoracotomy with exploration and biopsy of the 
pericardium was done. Certain similarities between this entity and myxedema 
heart exist. The latter syndrome is discussed briefly. 
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A CLINICAL AND RADIOLOGIC STUDY OF METASTATIC 
PULMONARY NEOPLASMS 


GEORGE R. MINor, M.D. 
CHARLOTTESVILLE, VA. 


HE presence in lung of metastases from a primary neoplasm does not always 

indicate widespread dissemination or justify a resigned and pessimistic atti- 
tude. In recent years the resection of pulmonary tissue containing metastases 
has produced very satisfactory results in certain cases. The present study was 
undertaken to clarify to some degree the behavior of various types of malignant 
tumors which metastasize to lung. It is possible that an inquisitive and aggres- 
sive attitude toward the clinical progress of malignant disease will enable physi- 
cians to select a larger number of patients in whom the surgical removal of pul- 
monary metastases should be attempted. 

The clinical records and chest films of all patients at the University of Michi- 
gan Hospital who were reported to show secondary neoplasm of the lungs were 
reviewed for the five-vear period July 1, 1937, to June 30, 1942. When the clini- 
cal data were examined, only those cases were retained in which the identity of 
the primary tumor was established by histopathologic examination, except in the 
ease of several renal tumors which were not approached surgically or at post- 
mortem. In these few instances characteristic pyelographic deformities were ac- 
cepted as diagnostic. As a background for the 314 cases which were acceptable 
for study, the total number (5,727) of similar primary neoplasms was deter- 
mined for the same period. This number (Table I, Column 1) and the number 
in which pulmonary metastases were discovered roentgenographically (Column 
2) are presented for comparison in the table. Some of the first category did not 
have roentgenograms of the chest made or did not return for a second visit; 
others doubtless developed pulmonary metastases after their last examination at 
this hospital, or after June 30, 1942. It should be emphasized because of these 
factors that no definite conclusions as to the incidence of pulmonary metastases 
ean be drawn from the apposition of such figures. As a matter of fact, due to 
the care in selection of eases for the study, the actual number of metastases is 
probably higher than Column 2 would indicate. Nevertheless, a comparison of 
these figures aids in correcting erroneous impressions of incidence gained from 
the review of large numbers of metastatic lesions only. 

Metastatic involvement of the pleura, as evidenced by the roentgenographic 
appearance of fluid, was present in 60 patients and mediastinal adenopathy in 
53. Of the 77 carcinomas primary in breast, 26, or 33.7 per cent, metastasized to 
pleura as well as lung and 18 or 23.3 per cent exhibited mediastinal involvement. 

From the Department of Surgery, University Hospital. Ann Arbor, Mich. 
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TABLE I. COMPARISON OF THE INCIDENCE OF PULMONARY METASTASES WITH THE INCIDENCE 
OF PRIMARY MALIGNANT TUMORS OF THE SAME TYPES 








(COLUMN 1) (COLUMN 2) 
TOTAL NUMBER NUMBER WHICH 
MALIGNANT METASTASIZED 
NEOPLASMS TO LUNG 
‘arcinoma, breast 907 77 
‘arcinoma, colon 342 23 
lypernephroma 20 
\Wilms’s tumor 5 
‘arcinoma, kidney 17 3 
‘arecinoma, cervix uteri 7 13 
eratoma, testis 14 
‘arcinoma, testis (seminoma) 1 
‘arcinoma, testis, embryonal 1 
‘horioepithelioma, testis 3 
‘arcinoma, bronchus : 15 
‘arecinoma, thyroid 10 
‘areinoma, skin, face ) 1 
Upper extremity 
Lower extremity 
Carcinoma, larynx 
Careinoma, fundus uteri 
Careinoma, bladder 
Carcinoma, mouth 
Careinoma, stomach 
Carcinoma, prostate 
Chorioepithelioma, uteri 
Carcinoma, ovary 
Careinoma, tongue 
Carcinoma, pancreas 
Carcinoma, lip 
Careinoma, orbit 
Careinoma, adrenal 
Carcinoma, pharynx and nasopharynx 
Careinoma, branchial cleft 
Carcinoma, parotid 
Carcinoma, submaxillary gland 
Sympathoblastoma, adrenal 
Malignant disease, unspecified 
Testicle 
Pelvis 
Uterus 
Adrenal 
Kidney 
Melanoblastoma, skin 
Metastasis lymph nodes 
Metastasis generalized 
Melanoblastoma, eye 
ndothelioma (Ewing’s), bones 
sarcoma, abdomen 
Sarcoma, upper extremity, soft parts 
sarcoma, lower extremity, soft parts 
steogenic sarcoma, bones, lower extremity 
steogenic sarcoma, bones, upper extremity 
arcoma, head, soft parts 
‘areoma (osteogenic), bones, head 
sarcoma, breast 
areoma, liver 
arcoma, thorax 
areoma, vulva 
arcoma, cervix uteri 
arcoma, fundus uteri 
arcoma, testis 
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These figures are significantly higher than the total number of pleural effusions 
or mediastinal lesions produced by any other primary malignant lesion in this 
series. 

Of 294 patients about whom information was available on the presence or 
absence of symptoms, 117 had none which could be ascribed to pulmonary metas- 
tases. The distribution of manifestations among the remaining 172 is shown in 
Table IT. 


TABLE II. DISTRIBUTION OF MANIFESTATIONS OF PULMONARY METASTASES IN 172 PATIENTS 








Cough 129 
Dyspnea 75 
Sputum 70 
Pleuritie pain 51 
Hemoptysis or bloody sputum 46 
Loss of weight 15 
Fever 15 
Weakness 14 
Fatigue 13 
Anorexia 10 
Wheezing 6 
Night sweats + 
Expectoration of tissue 4 
Cyanosis : 
Osteoarthropathy 





It is surprising how variable the symptoms associated with pulmonary me- 
tastasis may be. Miliary or lymphangitie carcinosis is often characterized by a 
hacking, ineffectual cough and by rapidly progressive dyspnea and cyanosis. 
However, nodular lesions may be numerous and large without producing respira- 
tory symptoms. Some nodular lesions do produce local symptoms, perhaps by 
‘apid growth and pressure upon or even eruption into a neighboring bronchus. 
An irritative cough is the commonest symptom. The cough is often nonproduc- 
tive or at most raises scanty, mucoid sputum, occasionally streaked with blood. 
The sputum may become purulent if infection arises distal to a bronchial obstruc- 
tion, or if the necrotic central portion of a nodule is evacuated through a bron- 
chus. In the latter case the resulting cavity is likely to have a very thick wall, so 
that it looks not unlike a doughnut in the film (see Fig. 1). In at least four pa- 
tients of this series who had nodular pulmonary metastases there was evidence 
of cavitation. In one of these patients six nodules which had eavitated were dis- 
tributed in both lungs. On rare oceasions the pathologist may be able to deter- 
mine the type of neoplasm from bronchial biopsy or from pieces of malignant 
tissue which the patient has expectorated. It should be possible to identify 
malignant cells in a much higher proportion of cases by the use of the Papani- 
colaou technique. 

An attempt was made to classify pulmonary metastases by their radio- 
graphic appearance into five groups: nodular (see Figs. 2 and 3), which in- 
eludes the majority; amorphous or infiltrative (see Fig. 4); lymphangitie (see 
Fig. 5); miliary (see Figs. 6 and 7); and massive consolidation. A clear-cut de- 
cision cannot always be made, especially between finely nodular and miliary 
lesions, or between the miliary and the lymphangitic type. Many lesions could 
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Fig. 1. Fig. 2. 


Fig. 1—R. W. (No. 526072), 47-year-old man. Multiple nodules bilaterally. The most 
inferior one in the lateral portion of the left lower lobe has undergone cavitation. Primary: 
medullary carcinoma of bladder. Diagnosis primary: May 22, 1943. Diagnosis pulmonary 
metastases: roentgenogram Sept. 15, 1943, made because of pleuritic pain. Death: Oct. 25, 
1943, 

Fig. 2.—E. M. (No. 440008), 31-year-old man. Nodular metastases bilaterally. Primary: 
embryonal carcinoma left testis. Diagnosis primary: Jan. 9, 1939. Diagnosis pulmonary 
metastases: routine roentgenogram March 20, 1939. No pulmonary symptoms. Death: May 
24, 1939. 


Fig. 3. Fig. 4. 


_ Fig. 3.—O. M. (No. 378280), 52-year-old man. Single metastatic nodule in left lower lobe. 
rimary;: adenocarcinoma of sigmoid colon. Diagnosis primary: June 6, 1940. Diagnosis pul- 
ionary metastasis: routine roentgenogram Sept. 12, 1941. No symptoms. Death: Oct. 18, 
141 


Fig. 4—F. C. (No. 443438), 74-year-old man. Amorphous or infiltrative pulmonary 
etastases. Primary: carcinoma of the larynx. Diagnosis primary: May 17, 1939. Diag- 
sis pulmonary metastases: first positive roentgenogram May 17, 1939. No pulmonary symp- 
ms. Death: May 29, 1939. 
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Fig. 5. Fig. 6. 

Fig. 5.—J. K. (No. 487714), 59-year-old man. Lymphangitic pulmonary carcinosis. 
Primary: carcinoma of tonsil. Diagnosis primary: August, 1940. Diagnosis pulmonary metas- 
tases: roentgenogram Aug. 21, 1941. No pulmonary symptoms. Death: Sept. 2, 1941. 

_ Fig. 6—C. E. (No. 490721), 69-year-old man. Miliary metastases, paralysis of right 
hemidiaphragm. Primary: bronchiogenic carcinoma, right. Diagnosis primary: Oct. 3, 1941. 
Diagnosis pulmonary metastases: roentgencgram Sept. 4, 1941. Symptoms largely those of 
the primary. Death: Nov. 22, 1941. 


mug, 7. Fig. 8. 


Fig. 7.—W. F. (No. 487283), 60-year-old man. Miliary metastases. Primary: adenocar- 
cinoma of bladder and prostate. Diagnosis primary: Aug. 19, 1941. Diagnosis pulmonary 
metastases: roentgenogram Aug. 30, 1941. No symptoms. Death: Sept. 30, 1943. 

Fig. 8.—C. C. (No. 505923), 60-year-old man. Multiple nodules with amorphous and 
reticular infiltrates bilaterally. Primary: osteogenic sarcoma right femur superimposed on 
Paget’s disease of bone. Diagnosis primary: June 12, 1942. First evidence of pulmonary 
metastases: dyspnea, date of onset unknown. Death: Dec. 10, 1943. 
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TABLE IIT. PULMONARY METASTASES CLASSIFIED BY RADIOLOGIC APPEARANCE 








MASSIVE 
LYMPHAN- CONSOLI- 
NEOPLASM NODULAR AMORPHOUS _ GITIC MILIARY DATION MIXED 
Carcinoma j 12 16 10 2 17 
sarcoma : 0 0 2 2 
Melanoblastoma : 1 0 0 0 
‘eratoma, testis i l 1 0 0 
[ypernephroma é 2 2 0 
“ndothelioma 
(Ewing’s tumor) 0 0 0 
‘horioepithelioma 
Testis : 0 0) 
Uteri 0) 0 
Vilms’s tumor 0 
Sympathoblastoma 
\alignant disease 
Unspecified 
Totals 








be classified under two or more headings. Such overlapping may be seen in the 
(erminal stages of malignant disease when the lungs are inundated with inereas- 
ing numbers of neoplastic cells, the hilar nodes are blocked, and extensive retro- 
vrade spread has occurred through lymphatie channels. In such a situation a 
lesion which has been plainly nodular for many months may exhibit a miliary 
admixture (see Fig. 8) with amorphous or reticular infiltrates. 

In the 19 patients whose pulmonary lesions were classified as lymphangitie 
the primaries were located as follows: 16 carcinomas, 9 of breast, 3 of bronchus, 
and 1 each of esophagus, prostate, stomach, and tonsil; two hypernephromas; 
and 1 teratoma testis. Of the 13 in the miliary group there were 10 carcinomas, 
3 of breast, 2 bronchus, and 1 each of thyroid and stomach; two sarcomas, 1 of 
liver and 1 of skin; and 1 sympathoblastoma of the adrenal. 

A number of somewhat unrelated generalizations can be made from the data 
in Table IV: (1) more metastases occur in the right lung than in the left. This 


TABLE IV. X-RAY APPEARANCE AND TIME RELATIONS OF PULMONARY METASTASES 








| | ONSET OF 
PRIMARY TO 
AVERAGE NUMBER NUMBER’ | APPEARANCE| APPEARANCE 
NODULES WHEN AVERAGE NODULES OF PULMONARY 
FIRST SEEN DIAMETER 5 CM. OR | PULMONARY | METASTASES 
RIGHT | LEFT NODULES MOREIN |METASTASES| TO DEATH 





NEOPLASM LUNG LUNG (CM.) DIAMETER (Mo.) (Mo.) 
ircinoma 

Breast 71 
Colon 22 
Bronchus 14 
Cervix 14 
Thyroid 10 
‘tal, average 130 





32.2 
29.1 
14.8 
47.8 
29.0 
32.0 
17.0 
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may be due to the fact that the right lung is larger than the left and that its 
vessels compose a greater network in which tumor emboli are caught. (2) The 
nodular metastases which attain the largest size are those of sarcomas. (3) 
Teratomas of the testis have the shortest latent period (length of time between 
the first obvious manifestations of the primary and the radiologic evidence of 
pulmonary metastasis) of the five major groups which metastasize to lung. The 
period between the appearance of the pulmonary metastases and the death of 
the patient is also shorter in this group. Rather surprisingly, melanoblastomas, 
which are also rapidly fatal once established in the lungs, have the longest latent 
period. 


. 


FATE OF PATIENTS WITH 
METASTATIC PULMONARY NEOPLASMS 
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100% 21.7% 4.45% 3.50% 0.95% 0.63% 
A B 6 D 3 F 
Fig. 9.—A, Total number of pulmonary metastases, B, Pulmonary resection anatomically 


feasible. C, Primary apparently controlled. D, Later development of extrapulmonary metas- 
tases or recurrence of primary. EH, Fate unknown. F, Pulmonary resection carried out. 








In 69, or 21.9 per cent, of the 314 metastatic pulmonary lesions resection 
appeared feasible from the standpoint of number and distribution in the lungs, 
in so far as these factors could be determined from roentgenograms. However, 
this is not the only consideration with regard to cure. In some of these 69 the 
primary growth had invaded vital structures or extensive recurrence had already 
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followed removal. In other instances extrapulmonary metastases which were in- 
eradicable were already present or eventually developed. There were only 4 
patients, or 1.2 per cent of the original 314, in whom the primary was ultimately 
adequately controlled, extrapulmonary metastases were absent throughout the 
period of observation, and the pulmonary lesions were so situated that they could 
be completely removed. Two of these were operated upon by Dr. John Alexander 
and, at last examination, seven years and four years after resection of pulmonary 
tissue containing the lesions, were free of malignant disease, so far as could be 
determined.'* (See Fig. 9.) 

Information about the incidence of recurrence of the primary and eventual 

development of extrapulmonary metastases is not without value. This informa- 
tion, however, is obtainable only by retrospection and is obviously not available 
in any instance at the moment of decision in dealing with malignant lesions.’ 
Time is an important factor. That there will be local recurrences or distant me- 
tastases after pulmonary resection in a certain proportion of patients is obvious; 
but this risk of postoperative recurrence or further metastasis is not sufficient 
reason to withhold treatment which may result in a significant added number of 
cures. In short, in a patient whose primary lesion has apparently been success- 
fully treated, who has one or more pulmonary metastases so located that they can 
be resected without removing more than the volume of one lung, and who has 
no discoverable extrapulmonary metastases, the pulmonary lesion should be re- 
seeted without delay. 
CONCLUSIONS 
1. In a five-year period at the University of Michigan Hospital 314 patients 
were found who satisfied rigid clinical, pathologic, and radiologic eriteria for 
pulmonary metastases from a malignant primary tumor. 

2. Carcinoma of the breast was the commonest primary lesion, though not 
the highest in incidence of metastasis. It had the greatest degree of pleomor- 
phism in the lungs; it also metastasized, in addition to lung, to mediastinum and 
pleura in a higher proportion than did any other primary malignant lesion in 
this series. 

3. The distribution of symptoms was determined among the 172 patients 
who were noted to have symptoms. As a rule the presence or severity of symp- 
toms was not related to the form or collective size of the pulmonary metastases. 
4. Nodular metastases in lung may eavitate to produce a thick-walled de- 


feet not unlike an abscess. 


*Although reports of these patients have appeared in full elsewhere,! it might be pertinent 
to state a few facts about each. The first patient was a young woman who had had a 
spindle cell neurogenic sarcoma of the left forearm excised at another hospital. Re-exploration 
of the forearm a year later revealed only a benign neuroma in the stump of the ulnar nerve, 
but roentgenograms of the chest showed the presence of a solitary metastasis in the right 
lower lobe. This was immediately removed since there was no suspicion of local recurrence. 
A year later the left upper lobe, containing a mass which had been known to be present for 
the preceding five months, was removed. Both lesions were reported by the Department of 
Pathology at the University of Michigan Hospital as spindle-cell sarcoma metastatic to lung. 
Seven years after this second lobectomy the patient was well with no evidence of recurrence 
or metastasis. 

The second patient was a middle-aged surgeon who developed a mass in the soft tissues 
of the right thigh ‘anterolaterally. On removal this proved to be a spindle-cell fibrosarcoma. A 
recurrence in the scar was excised six months later and x-ray therapy given locally. One 
year after this the upper lobe of the right lung was removed because of the recent appear- 
ance in the roentgenogram of a small nodule. This was found to be spindle-cell sarcoma, 
like that from the thigh. Four years later there was no evidence of neoplastic disease. 
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5. Pulmonary metastases were classified by their radiologic appearance into 
five groups: nodular, amorphous (infiltrative), lymphangitic, miliary, and mas- 
sive consolidation. 

6. More metastases occurred in the right lung than in the left. 

7. In this series, the pulmonary metastases of sarcoma attained a larger size 
than those of any other neoplasm. 

8. Teratomas of the testis have the shortest ‘‘latent period’’ and the short- 
est ‘‘survival period.’’ 

9. Melanoblastomas have the longest latent period. 

10. In only 21.9 per cent of the 314 cases was resection of the metastatic 
pulmonary lesion practicable from the standpoint of anatomic distribution as 
determined roentgenographically. Other considerations such as extent of in- 
vasion of vital structures by the primary and the presence of extrapulmonary 
metastases reduced the number on which operation could possibly have been con- 
sidered to about 11.9 per cent. 

11. Operation was actually carried out in only 0.63 per cent, or two patients. 
These two patients, however, are still alive and free of malignant disease more 
than four and seven years after their pulmonary resections. 
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HIGH SEGMENTAL SPINAL ANESTHESIA 
A PRELIMINARY REPORT 


S. THATCHER Husparp, Jr., M.D., Gitpert F. SCHNEIDER, M.D., F.A.C.S., AND 
Leo J. Kenney, M.D. 
SPOKANE, WASH. 


NE of the most difficult problems confronting the surgeon and anesthetist 

for many years has been the selection and administration of an anesthetic 
to the patient undergoing surgery for pulmonary tuberculosis. The wide 
variety of anesthetic techniques suggested by various authors for the per- 
formance of thoracoplasties attests to the lack of suitability of any one method. 
Cervical intrathecal puncture, single dose, segmental spinal anesthesia comes 
close to solving the problem. 

The advent of spinal anesthesia lessened the hazards and greatly aided the 
execution of abdominal surgery in phthisical patients. This technique continues 
to be the universal choice in the tuberculous patient undergoing abdominal oper- 
ations. However, the vast majority of surgery in this disease involves the 
thorax, and here spinal anesthesia generally has been regarded as too dangerous, 
gaining only a few adherents. Honan,! in 1930, and Bettman and Biesenthal,’ 
in 1931, were early enthusiasts for the use of spinal anesthesia in thoracoplasties. 
Later workers searching about for some satisfactory type of anesthesia for this 
work gave the intrathecal method a trial. Shields*: * advocated spinal anesthesia 
for thoracoplasties with procaine hydrochloride inserted through a lumbar inter- 
space with the patient placed in a marked Trendelenburg position. Gurd, Vine- 
berg, and Bourne* ® used the Etherington-Wilson technique’? which depended up- 
on a large dose of nuperecaine to rise from the lumbar area of the spinal canal 
to the cervical region while the patient was in a sitting position. Willanuer and 
associates,* in 1947, suggested the use of continuous spinal anesthesia with an 
intermittent dose of procaine hydrochloride delivered in a needle inserted in 
the lumbar area, and the patient in a fifteen degree Trendelenburg position. 
Many other surgeons tried spinal anesthesia for extrapleural thoracic procedures 
but abandoned it because, as Coryllos® stated, ‘‘a marked drop in blood pressure 
occurred frequently and could not always be controlled.”’ 

Any technique of inducing spinal anesthesia that necessitates the intro- 
luction of a large dose of anesthetic drug in a lumbar intervertebral space, 
which is then permitted to run upward throughout the length of the spinal 
canal to the cervical area, results in a generalized physiologic disturbance. The 
ntire sympathetic chain is anesthetized, widespread vasodilatation oceurs, and 
arming circulatory: collapse and intercostal paralysis follow. With a small 
dose of highly diluted anesthetic drug deposited in the spinal canal at the level 
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of the seventh cervical intervertebral space, anesthesia is segmental, and 
physiologic mechanisms are only mildly disturbed. Spinal anesthesia thus be- 
comes considerably safer for thoracie procedures. 
EVOLUTION OF TECHNIQUE 

In 1947, the anesthesia of choice for thoracoplasties done by this group was 
eyclopropane-oxygen administered through an intratracheal tube. This teeh- 
nique was not too satisfactory because of the abolition of the cough reflex 
with frequent necessity for bronchoscopy. Postoperative shock was encountered 
commonly and the anesthetic sequelae of nausea and vomiting contributed to a 
prolonged postoperative morbidity, as well as an oceasional contralateral spread 
despite assiduous intratracheal aspiration and immediate postoperative bronchos- 
copy. It was recognized that these disadvantages could be obviated largely 
by operating upon these patients under combined paravertebral block and local 
infiltration, supplemented with nitrous oxide inhalation anesthesia when neces- 
sary. This method enjoys wide popularity but has many drawbacks. The 
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induction is time consuming and is an extensive procedure in itself. Muscular 
relaxation is poor and pain during the operation is frequent and unavoidable. 
Rib disarticulation and removal of transverse processes of the vertebrae is 
difficult because of severe pain. Finally, the anesthesia frequently needs to 
be supplemented with a more potent general anesthetic agent. Clearly there is 
need for another anesthetic. technique that would combine the physiologic 
advantages of local anesthesia with the anesthetic advantages of general 
anesthesia. Realizing this need, consideration and trial were given to alternative 
methods. 
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Epidural block with 0.2 per cent pontocaine was attempted in a series of 
patients, but was soon discarded because of frequent difficulties in technique, 
the inconsistent degree of anesthesia obtained, poor parascapular muscle 
relaxation, complete paralysis or extensive paresis of intercostal muscles, and, 
almost consistently, pain on disarticulating the ribs and removing the transverse 
processes. Spinal anesthesia was then tried by injecting large doses of ponto- 
caine-gluecose solution through a lumbar interspace with the patient in a ten 
degree Trendelenburg position. The patient was retained in this position for 
five to six minutes, or until anesthesia had reached the cervical level. This 
proved unsatisfactory mainly because such large doses had to be used to provide 
adequate anesthesia at such a high level as to be overwhelming to the patient. 
The next move was to employ the intrathecal catheter technique as described by 
Cann and Wyecoff..°. Owing to the uncertainty of producing anesthesia in the 
operative field as well as the severe paresthesias suffered by several patients 
this approach was discarded. However, the search was continued and with the 
adoption of intrathecal vasoconstrictors, a potent ally was found. Gradually the 
intrathecal punctures were made higher and higher at the same time lowering 
the dosage of pontocaine with each interspace ascended until the present 
technique was evolved. 


TABLE I, MATERIAL OF CASE StuDY: SEVENTY-FIVE THORACIC OPERATIONS FOR PULMONARY 
TUBERCULOSIS PERFORMED UNDER SPINAL ANESTHESIA 








Operations 


Female 
Male 


Classification of Disease 
Far advanced 
Moderately advanced 
Tuberculoma 
Tuberculous empyema 
Bronchocutaneous fistula 








Type of Operative Procedure 
Thoracoplasty 
First stage 
Second stage 
Third stage 
Extrapleural pneumothorax 
Open intrapleural pneumonolysis 
Extrapleural packing 
Revision of thoracoplasty 
Schede thoracoplasty 
Debridement and plastie repair of 
bronchocutaneous fistula 


bo bo 
wnt Dw 


eee hoa 


_ 








TECHNIQUE 


Preoperative medication for the average patient consisted of morphine sulfate, 4% grain 
0.01 Gm.) and scopolamine, 1459 grain (0.0004 Gm.) given one and one-half hours before 
he operation and pentobarbital sodium (Nembutal) 3 grains (0.2 Gm.) given one hour before 
he scheduled time of operation. The patient is placed in the sitting position, arms folded 
) that the hands grasp each shoulder, and the head is acutely flexed on the chest. This 
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throws the seventh cervical spinous process into prominence. The skin is prepared and 
after a skin wheal is made over the seventh cervical intervertebral space, a two-inch, 22 
gauge short bevel needle, attached to a 2 ¢.c. syringe, is then inserted into the intrathecal 
space. 


Constant suction should be maintained within the syringe so that the moment the bevel 
enters the intrathecal space spinal fluid will be aspirated, thus minimizing the danger of 


Fig. 2, A.—Photograph demonstrating the position of the patient and angle of the needle for 
intrathecal puncture. Care must be taken to maintain constant suction in the syringe. 


2, B.—Roentgenogram demonstrating position of two-inch, 22 gauge needle in seventh cer- 
vical intervertebral space, 
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uneturing the cord. Enough cerebrospinal fluid is removed to make a 1 per cent solution 
vhen mixed with niphanoid pontocaine. Of this, usually 4 mg. are diluted with one and one- 
‘alf times its volume of 10 per cent dextrose. Four-tenths cubic centimeter of 1 per cent 
1eosynephrin is then added to this mixture. This solution is injected with the bevel of 
the spinal needle pointed caudad and at the approximate rate of 14 ¢.c. per second. The 
vatient is immediately placed in the lateral recumbent position with the operative side 
ippermost. The head is placed on a pillow so that the cervical cord is acutely elevated and 
he table is maintained at a horizontal level. A BLB mask is tightly fitted on the patient’s 
‘ace and oxygen is allowed to flow at ten liters per minute. The operative field is prepared 
and the surgical procedure is begun. 


STUDY OF CASES 

This study comprises a series of seventy-five thoracic operations done under 
spinal anesthesia (Table I). The operations were largely thoracoplasties, first, 
second, and third stages. The patients were an average group of tuberculous 
sanatorium eases of both sexes ranging in age from 18 to 63 years. Fifty-eight 
operations were done on patients classified as far advanced and fourteen opera- 
tions on patients classified as moderately advanced. In six cases an extrapleural 
pneumothorax was done. The thoracoplasties were typical two or three stage, 
five- to seven-rib procedures performed through a posterior incision in all 
instanees. The longest operation lasted two hours and twenty minutes and the 
shortest forty minutes. The average operating time was approximately one and 
one-half hours. Occasionally it is necessary to administer an intravenous 
nareotie to quiet an apprehensive or uncooperative patient. All patients re- 


ceived a supportive transfusion of 500 e.c. of whole blood given throughout the 
course of the operation. 


There were no deaths in the group, neither immediate nor late. Central 
respiratory paralysis was not encountered, although an accident of this nature 
was feared and preparations made to combat it in every case. The respiratory 
minute volume was depressed on the average of about 30 per cent (see Table 
IT). The fullest possible oxygenation was insured by the administration of 
oxygen at ten liters per minute by an efficient BLB mask. Spinal headache 
was encountered in one case and this was completely relieved with a few oral 
doses of nicotinie acid. 

DISCUSSION 

The advantages of this type of anesthesia in extrapleural thoracie opera- 
‘ions, especially for thoracoplasties, appear multifold. 

The administration is simple and rapid. The approach through the seventh 
ervieal intervertebral space is by far the easiest entrance to the spinal canal. 

The patients are free from pain and discomfort during the operation and 
nuseular relaxation is adequate for the surgical procedure. 

The vasomotor tone remains constant and little or no change was noted in 
he blood pressure of these patients after the anesthetic was given. There is no 

eed for prespinal vasoconstrictor drugs: In about one-half of the eases in the 
eries desoxyephedrine hydrochloride (Drinalfa) was given intramuscularly 
ust prior to administering the spinal anesthetic to support the blood pressure. 
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TABLE II. 


SURGERY 


SERIES OF TEN CONSECU" 








CASE 


DATE 


CLASSIFICATION 
OF DISEASE 


SITE 
OF 
SPINAL 
PUNC- 
TURE 


ANESTHETIC DRUGS 
AND DOSE 


TYPE OF 
OPERATIO} 





J. 5 
4591 


5/24/49 


Moderately 
advanced 


C, 


Pontocaine 6 mg., 
glucose 1 ¢.¢., neo 
synephrin 0.4 c¢.c. 


Ist stage thera. 
coplasty 





R. O. 


4570 


5/24/49 


Far-advanced 
contralateral 
extrapleural 
oleothorax 


G, 


Pontocaine 4 mg., 


glucose 0.6 ¢.¢., neo- 


synephrin 0.4 c.e. 


Revision of 
thoracoplasty | 





G. M. 


4560 


5/26/49 


Far-advaneed 
contralateral 
lesion 


Pontocaine 5 meg., 


glucose 0.7 ¢.c., neo- 


synephrin 0.4 ¢.e. 


Ist stage tho a- 
coplasty 





E. L. 


4443 


5/26/49 


Moderately 
advanced 


Pontocaine 5 mg., 


glucose 0.7 ¢.c., neo- 


synephrin 0.4 c¢.e. 


2nd stage thora 
coplasty 





5/31/49 


Far-advaneed 
contralateral 
lesion 


Pontocaine 4+ mg., 


glucose 0.6 ¢.¢., neo- 


synephrin 0.4 ¢.¢. 


2nd stage thora 
coplasty 





5/31/49 


Far-advaneed 
contralateral 
lesion 


Pontoecaine 5 mg., 


glucose 0.7 ¢.c., neo- 


synephrin 0.4 c¢.e. 


Ist stage thora- | 
coplasty 





6/ 2/49 


Far-advaneced 


Pontocaine 4 mg., 


glucose 0.6 ¢.c., neo- 


synephrin 0.4 e¢.e. 


3rd stage thora- 
coplasty 





67 2/49 


Far-advanced 


Pontocaine 4 mg., 


glucose 0.6 ¢.¢., neo- 


synephrin 0.4 c.e. 


Ist stage thora- 
coplasty 





6/ 7/49 


Moderately 
advanced 


Pontocaine 4 mg., 


glucose 0.6 ¢.¢., neo- 


synephrin 0.4 e.¢. 


2nd stage thora- 
coplasty 





4560 











7/49 


Far-advanced 
contralateral 
lesion 











Pontoecaine 4+ mg., 


glucose 0.6 ¢.¢., neo- 


svnephrin 0.4 e¢.¢. 





2nd stage thora: | 
coplasty 





This was subsequently omitted from the routine preoperative management and 
in the latter one-half of the study the blood pressure of the patients remained 
relatively constant during the operation despite the lack of a vasoconstrictor 
drug. 


The cough reflex is retained during the operation. Apparently the anes- 
thetie dose is so small and diluted that the motor component of the intercostal 
nerves is only partially anesthetized, usually allowing a liberal degree of inter- 
costal respiration. Furthermore, inasmuch as the anesthesia is segmental and 
the anesthetic level extends caudad only to the umbilicus, the action of cough- 
ing is still aided by the abdominal muscles. There is usually about a 50 per cent 
motor loss in the upper extremities but skin sensation of the arms and hands is 
consistently absent. There is no paresis, anesthesia, or paresthesia of the lower 
trunk or extremities. The patient frequently is able to move unassisted from 
the operating table to the litter when the surgery is completed. 
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HUBBARD, JR., ET AL.: HIGH SEGMENTAL SPINAL ANESTHESIA 





VITAL 
CAPACITY 
BAO} 5 MINUTES 
PRESSURE PREOP. AFTER AD- PER CENT 
SUPPLEMENT| DURING THE VITAL MINISTERING| REDUCTION 
\N OF TO OPERATION CAPACITY SPINAL IN VITAL 
ION | ANESTHESIA | HIGH | LOW (€.c.) (€.¢.) CAPACILY COMMENTS 
Demerol 120 | 120 3,650 2,750 24.6 of own 
75 mg. 30 | 80, vital capacity 
EY. 
None ~ 120 | 90 1,300 1,000 23.0 Moderate cyanosis 
“oo | 70 throughout 

















Demerol 110 | 100 3,000 2,100 Irrational from 
75 mg. 72 | 70 medication 
I.V. 

None 140 Readings not taken In addition to pul- 

O00. monary disease 

patient had ma- 

lignant hyper- 
tension 














None 2,200 1,500 





None 2,400 1,950 





min, | Demerol 1,400 1,300 
100 mg. 
BM. 

None 1,770 1,450 











None 90 2800 1,500 
74 





None 108 3,000 2,250 
80 


























The postoperative course resembled that of patients operated upon under 


local anesthesia. Routinely, they were made ambulatory on the first post- 


/perative day. On the second postoperative day a full diet was generally taken 
nd retained. Nausea and vomiting was an uncommon postoperative oceur- 
enee. 

The patients themselves expressed satisfaction with the anesthesia and, in 
any cases, where apprehension existed prior to the first stage, this disappeared 
fter their initial experience and they accepted the anesthesia with full econ- 
dence for their subsequent stages. 

Some of the disadvantages inherent in any type of regional anesthesia used 
v thoracic operations are present with high segmental spinal anesthesia. Of 
iese should be mentioned the following: 

If inadvertently a hole is made in the pleura and paradoxical respirations 
isue, a repair of the pleural tear, or a moist gauze pack placed over the tear 
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with continuous suction within the pleural cavity, will usually suffice to 
ameliorate the situation. In the event that severe paradoxical respiration de- 
velops and the respiratory exchange is reduced, an intratracheal tube can be 
inserted quickly and without difficulty after an adequate intravenous injection 
of pentothal-d-tubocurarine solution, after which assisted respiration can be 
earried out. This exigency was encountered in one case in the seventy-five opera- 
tions. 

The loss of the sensation of breathing is frightening to some patients and 
for this reason reassurance and heavy premedication should be used. This 
combination gives a cooperative, quiet, frequently dozing patient who usually 
does not remember having been to surgery. 

The intrathecal puncture at the seventh cervical intervertebral space should 
be done with extreme caution so as not to injure the spinal cord. A short bevel, 
two-inch needle is used to prevent too deep a puncture, and will just reach 
through the dura in the average adult. 


SUMMARY AND CONCLUSIONS 


A series of seventy-five thoracic operations for pulmonary tuberculosis has 
been presented in which a new technique of inducing spinal anesthesia is 
described. The anesthesia appears to fulfill a much needed place in the 
surgery of pulmonary tuberculosis inasmuch as it combines advantages of gen- 
eral and local anesthesia without possessing the undesirable features of each. 
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TREATMENT OF ENDOBRONCHIAL TUBERCULOSIS WITH 
STREPTOMYCIN 


CAPTAIN EUGENE D, ERMAN,* MeEpicaL Corps, UNITED STATES ARMY 
HISTORY OF ENDOBRONCHIAL TUBERCULOSIS 


iN HISTORICAL review of the medical literature on the subject of endo- 
bronchial and endotracheal tuberculosis dates the recognition of this entity 
ith the development of the bronchoscope by Chevalier Jackson. Pioneer work 
i the description of the lesions was made by both Jackson and Eloesser,* the lat- 
‘r having written a pioneer article on stenotic lesions of the trachea and bronchi 
n 1934. Others, including Samson,® 1936, Barnwell, Littig, and Culp,” 1937, 
Varren, Hammond, and Tuttle,® 1938, Dolley and Jones,* 1940, Chamberlain 
and Gordon,*? 1942, Brewer and Bogen,'! 1947, and Judd,° 1948, have all con- 
iributed to the literature on the subject. 

In June, 1941, Chamberlain and Gordon’ reported at The American Associa- 
iion for Thoracic Surgery in Toronto that the only form of therapy directed 
ioward the eure of endobronchial tuberculosis other than external drainage of 
an abscessed fistula or lobectomy or thoracoplasty in treatment of the underly- 
ing cause was application of silver nitrate locally. They described improvement 
hut cautioned against using the word ‘‘cure’’ with this method. 

With the advent of streptomycin therapy and the research program being 
carried out by the Streptomycin Committee of the Veterans Administration,’ 
several studies have been completed and reported. 


CLASSIFICATION 


The peroral Endoscopy Section at Fitzsimons General Hospital uses the 
following classification for the differentiation of endobronchial tuberculosis : 
1. Hyperplastie 
2. Submucosal 
3. Uleerative 
4. Fibrostenotic 

1. The hyperplastic lesion is a patch of hyperemic hyperplastic dull velvet 
olor mucosa raised from the normal pink mucosa. 

2. The submucosal lesion is usually defined as a tubercle with a character- 
‘tie opalescent yellow-white coloration over its tip and a ringlike area surround- 
ig this similar to the hyperplastic lesion, but usually not as granular. 

3. The ulcerative lesion is a depressed, shallow, deep red ulcer with a dark 
l hyperemic area surrounding it. The ulcer varies in size, shape, and position. 

4. The fibrostenotie lesion is an old healed lesion with cicatricial areas in 
re bronchial walls causing various stages of contraction and stenosis of the 
imen. 


From The Surgical Service, Fitzsimons General Hospital United States Army, Denver, 
lo. 


Received for publication Aug. 29, 1949. 
*Now Chief of Chest Surgery Section, Gorgas Hospital, Ancon, Canal Zone. 
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TABLE I. Toran Dose Or TREATMENT 








DOSE IN GRAMS 
i ro | 60 TO | 91 To |120 T0|156 TO 

42 59 90 120 155 172 

: 1 5 | : 4 1 2 
H 





LESION PATIENTS| 28 41 
| ck 





TOTAL |UNDER 28 TO | 





Hyperplastic 2 
Submucosal 1 
Uleerative 1 
Fibrostenotic 1 


| 
5 0 2 5 |} 2 2 1 
] 0 2 0 2 2 0 
9 0 0 0 0 











STATISTICS 
From June 1, 1947, to February 28, 1949, 1,882 patients were examined 
bronchoscopically in the Peroral Endoscopy Clinic of Fitzsimons Ceneral 
Hospital, of whom 1,108 had a clinical diagnosis of pulmonary tuberculosis. 
Ninety-two patients or 8.3 per cent of the latter cases had evidence of endotra- 
cheal or endobronchial tuberculosis. Of these, 24 patients were lost to the study 
by transfer from the hospital and 49 were followed to healing after treatment 
with streptomycin. Twenty-three cases were diagnosed as hyperplastic type, 15 
were of the submucosal type and 11 were of the ulcerative type. Nineteen 
patients with fibrostenotic endobronchial tuberculosis were also observed in 
this series but were not treated with streptomycin since no activity was present. 
One hundred twenty-nine bronchoscopic examinations were performed on the 

patients or an average of 3.1 examinations was performed on each patient. 


TABLE II. Dose PLAN or TREATMENT 








DOSE IN GRAMS 
THREE 
TOTAL DAILY TIMES 
PATIENTS DAILY TWICE | DAILY 





LESION 











Submucosal 
Uleerative 
Fibrostenotie 








| 
| 
| 
| 
; | 
Hyperplastic : 5 : a 
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In this study, 15 of the 23 eases of hyperplastic endobronchial tuberculosis 
were treated with 1 Gm. streptomycin intramuscularly daily, and the others in 
this group included varying dosages (see Table II). Fourteen of the 15 patients 
with submucosal endobronchial tuberculosis were treated with 1 Gm. streptomy- 
cin intramusculary daily, and 8 of the 11 patients with ulcerative endobronchial 
tuberculosis were treated with 1 Gm. streptomycin intramuscularly daily. The 
earliest healing seen in the hyperplastic type was twenty-eight days and the 
longest healing seen was over 120 days with a mean healing of forty-two days. 
Similar figures prevail for healing in the submucosal type with a mean healing 
time of slightly over forty-two days. Six patients with ulcerative endobronchial 
tuberculosis were healed in over forty-two days and 5 patients were healed 
in less than forty-two days (see Tables I and IIT). 


TABLE III. COMPLICATIONS ON HEALING 








Hyperplastic None in 23 cases 
Submucosal None in 15 cases 
Uleerative 3 eases of 11 healed with stenosis 
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DISCUSSION 

The Report to the Council of The American Medical Association’ based on 
data submitted to the Fifth Streptomycin Conference in Chicago during April, 
1948, summarized the result of streptomycin therapy in 112 cases of tracheo- 
bronchial tuberculosis. The evidence of tuberculous causation in the presence of 
repeatedly positive bronchoscopic observations was accepted in this study as 
in the Report to the Council by the demonstration of acid-fast bacilli in the 
sputum by culture. No patients in this study group were treated by strepto- 
mycin aerosol inhalation as this procedure was abandoned by previous investi- 
gators in favor of the intramuscular route. 

The Report to the Council of The American Medical Association in October, 
1948, noted that between 80 and 90 per cent of the lesions were reported as either 
healed or improved. These results were less constant than those of Brewer and 
Bogen who, in 1947, reported 100 per cent healing with 2 Gm. streptomyein intra- 
muscularly daily in 13 patients with ulcerative lesions. The explanation offered 
for this difference was the tendency to include inflammatory lesions as distinct 
from the purely ulcerative lesions analyzed by Brewer and Bogen. 

In the series studied in the paper, complete healing without residual fibrosis 
occurred in 100 per cent of the 23 patients with hyperplastic endobronehial tuber- 
culosis and complete healing without residual fibrosis was noted in 100 per cent 
of the 15 patients with submucosal endobronchial tuberculosis. Three patients in 
the group of 11 with the diagnosis of ulcerative endobronchial tuberculosis healed 
with residual stenosis. Ten per cent of the cases included in the Fifth Conference 
figure were of the fibrostenotic type. Twenty-two per cent of the cases diagnosed 
as endobronchial tuberculosis in this series were of the fibrostenotie type of 
endobronchial tuberculosis. 

It is of interest to note that complete healing occurred without residual fibro- 
sis in the hyperplastic and submucosal types of diseases and that the residual- 
fibrosis which was observed occurred only in cases of ulcerative endobronchial 
tuberculosis. This fact has considerable clinical significance when it is remem- 
bered that all that could be hoped for prior to streptomycin therapy was that the 
disease would run its ‘‘natural’’ course and heal with a minimal amount of 
stenosis and mechanical obstruction and that no further extension or spread 
would occur secondarily. 

SUMMARY 


1. A group of 49 patients with aetive endobronchial tuberculosis treated 
with streptomycin and followed to healing are reported. 

2. The majority of the patients reecived 1 Gm. streptomycin intramuscularly 
daily. 

3. The average healing time for hyperplastic endobronchial tuberculosis was 
42 days, for submucosal endobronehial tuberculosis 42 days, and slightly longer 
for ulcerative endobronchial tuberculosis. 

4. All patients healed without residual fibrosis except 3 patients with 
ulcerative endobronchial tuberculosis and these healed with some degree of 
stenosis. 
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CANCER OF THE CERVICAL ESOPHAGUS 
WITH A CASE REPORT 


Maurice G. Buck.es, M.D., F.A.C.S.* 
CoLUMBUS, OHIO 


— 1938, tremendous strides have been made in the surgical management 
of malignant diseases of the esophagus, more notably in the regions of the 
middle and lower thirds of the esophagus. Management of a malignant lesion 
in the upper or cervical esophagus still presents a problem. While the sur- 
gical approach in the middle and lower thirds has become rather standardized, 
a lesion in the upper third is handled in a variety of ways by different sur- 
geons. This, together with the infrequent reports of lesions in this area 
treated by surgery, as contrasted with the numerous reports on lesions in the 
middle and lower thirds, signifies, as yet, lack of agreement on a completely 
satisfactory procedure. 

Carcinoma of the esophagus is generally considered to comprise 5 per cent 
of all malignant diseases. In the United States, Hoffman' found the mortality 
from carcinoma of the esophagus exceeds 200 per year. In 8,572 collected 
eases, Ochsner and DeBakey? found 1,717 cases (20 per cent) were located in 
the upper third of the esophagus. Thus, it behooves the surgeon to strive for 
a satisfactory approach to the management of lesions in this area. 


HISTORY 


In 1871, Billroth* demonstrated that resection of the cervical esophagus was 
feasible in dogs. Czerny,* in 1877, reported the first suecessful removal of 
carcinoma in the cervical esophagus in man; the patient lived fifteen months and 
died of a recurrence. In 1884, Von Mikuliez® reported the successful removal 
of the cervical esophagus, and the subsequent plastic repair of the defect by a 
skin-lined tube. 

Esophagogastrostomy was first done on dogs in 1895, by Biondi.6 Among 
the first to propose esophagogastrostomy after esophagectomy in man was 
Gosset’ in 1903. In his reports on the procedure in dogs, he first called attention 
to the importance of anchor sutures to relieve tension on the anastomosis. The 
first successful case of esophagectomy for carcinoma of the lower esophagus, 
and esophagogastrostomy over a Murphy button (Wendel’s technique), was pre- 
sented by Adams and Phemister,* in 1938. 

Garlock,® in 1948, started to mobilize the stomach for esophagogastrostomy 
high in the thorax and found he was able to deliver the stomach up to the apex 
of the thorax without endangering the blood supply or causing tension on the 
anastomotic suture line. 

Several reports are now present in the literature concerning radical eso- 
phagectomy with cervical esophagogastrostomy. The first reported successful 


Received for publication Aug. 30, 1949. 
*Assistant Professor of Thoracic Surgery, Ohio State University; attending Thoracic 
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case was by Sweet!’ in 1948. This was followed by reports from O’Donnell,” 
Wylie and Frazell,!*? Brewer, and Nissen.4* | The two cases of O’Donnell and 
Brewer are the only known reports of carcinoma of the cervical esophagus 
treated in this manner to date. 

PRESENT TECHNIQUES 

Today there are two principal procedures practiced in surgery for car- 
cinoma of the upper esophagus. One is a local block resection with subsequent 
repair by a skin-lined tube, most popularly fashioned after the method of 
Wookey.'® The other involves almost a total esophagectomy with removal of all 
major lymph channels draining the area, through a transthoracic approach, 
and transphrenie mobilization of the stomach for a cervical esophagogastrostomy 
to maintain continuity of the gastrointestinal tract. 

In Wookey’s two-stage method, the first stage consists of resection of the 
cervical segment and turning in of a rectangular flap of skin, subeutaneous fat, 
and platysma muscle. The flap is sutured to the hypopharynx above and to the 
distal esophagus below, leaving a temporary groove. At the second stage, several 
weeks later, this groove is closed to restore the continuity of the esophagus. 
Sinee, as a rule, the surgeon has access to only about four inches of the length of 
the esophagus, this procedure cannot include wide regional dissection. This, 
likewise, makes impossible the removal of the lymph nodes draining the area. 

In the other approach, where suspicion exists of extension to the carotid 
sheath or the superior mediastinal structures, a low cervical incision may be 
made first to determine operability. The thorax is opened by a left postero- 
lateral incision. The mediastinum is then opened above the arch of the aorta 
and the esophagus at this level is mobilized up to the cervical level. The re- 
mainder of the esophagus is freed from the mediastinum, the diaphragm opened 
widely, and the stomach and duodenum mobilized. The esophagus is divided at 
the cardia and the eardia is closed. The medial end of the left clavicle and 
anterior part of the first rib are then resected and the fully mobilized stomach 
passed through the thorax into the neck for a cervical esophagogastrostomy, 
consisting of a two-layer anastomosis of interrupted sutures. A small Penrose 
drain is left in the cervical wound and an intercostal catheter within the pleural 
space for suction drainage. 

COMMENTS 

While the symptoms of carcinoma of the esophagus, such as dysphagia, 
pain, loss of weight, vomiting, hoarseness, bleeding, and coughing, are classical 
when present, they often bespeak a late or extensive lesion. This is especially 
true in carcinoma of the upper esophagus. Moreover, carcinoma of the eso- 
phagus, even when far from the cardia, metastasizes to regional lymph nodes 
at the level of the tumor and below the tumor as demonstrated by Sweet’® 
and Gauthier-Villars and Dontzoff.1’ Thus, it is evident that the local re- 
section of a cervical esophageal carcinoma will be adequate only in the rare 
ease of an early, small, low-grade malignant lesion, and the surgeon will al- 
ways be in doubt as to the status of the lymph nodes in the superior 
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mediastinum, hilar region, periesophageal, pericardial, and left gastrie regions. 
Also, from the standpoint of the patient, a plastic repair with a skin-lined tube 
is seldom completely satisfactory, due to frequent failures in ideal anastomosis 
between skin and esophageal tissue. The radical procedure would seem more 
ideally to answer the requirements of adequate cancer therapy, namely, a wide 
block resection of the lesion and adjacent tissue and removal of all lymph 
nodes in the areas of frequent metastasis. 


The aim of cancer surgery is to cure the disease and thereby render the 
patient’s life useful and enjoyable. The less radical approach has the 
advantage of a lower postoperative mortality and morbidity rate. However, 
since only an oceasional early case can expect to be cured by this approach, 
the more radical resection should extend the number of cures. 

Irradiation therapy has its proponents and especially is this true in the 
cervical area. There are several scattered reports of six-, seven-, and eight-year 
cures of carcinoma in this area using roentgen-ray therapy. However, irradia- 
tion therapy is of no value in eases of extension to the lymph nodes; there- 
fore, the surgical removal of the lesion should afford a better chance for cure. 
It is doubtful if roentgen therapy should be used even in palliation unless the 
act of swallowing can be maintained and should be reserved for the early cases 
in which surgery is contraindicated, either due to extreme age or associated 
pathology. If the lesion is inoperable and complete obstruction has occurred, 
the only palliation to be offered is gastrostomy ; however, this is strictly tem- 
porary—the prolonging of life being usually only three to six months with the 
patient usually unhappy due to symptoms and the loss of swallowing. 

As pointed out by Lewis,’* while carcinoma of the esophagus appears to 
be of low-grade malignancy, as viewed by the pathologist, the lesion is in the 
main of rather high malignancy, considering the length of time it takes to 
kill the patient and the liability to recur after an apparently adequate resec- 
tion. Earlier recognition and still further improvements in technique are 
needed to extend the number of cures. Any symptoms referable to the eso- 
phagus should be investigated and the presence of dysphagia in a patient past 
the age of 40 years should not be dismissed until x-ray examinations with 
barium swallow and contrast media examination of the mucosa, eso- 
phagoseopy, and even bronchoscopy have been earried out. If a suspicious 
lesion is found, even if biopsy by esophagosecopy is negative, an exploration 
with adequate biopsy and examination of the lesion should not be deferred. 
Onee a malignancy is found, when.operable, as radical resection as possible 
should be earried out to fulfill the requirements of adequate cancer therapy. 


CASE REPORT 
The following case of carcinoma of the upper esophagus with a successful radical resec- 
tion and cervical esophagogastrostomy is presented. 
J. M., a 64-year-old white man, entered Mt. Carmel Hospital on Jan. 4, 1949. Complaint 
was dysphagia of three months’ duration, gradually progressing to the point where only liquids 
could be swallowed. There was a weight loss of twenty-eight pounds. 


Physical examination was essentially negative. 
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X-ray examination with barium (Fig. 1) revealed a filling defect with obstruction of 
the upper esophagus at the level of the superior thoracic strait. Esophagoscopy was done 
and a proliferative mass was found in the upper portion of the esophagus which caused 
an almost complete obstruction. A biopsy was taken and the microscopic examination re- 
vealed a squamous-cell carcinoma, grade 3 malignancy. 

There was no evidence of inoperability. The patient was given preoperative fluids, 
500 e.e. of whole blood, and placed on streptomycin and penicillin. On Jan. 8, 1949, the 
patient was taken to surgery. 


Fig. 1.—Barium swallow before operation showing almost complete obstruction at the superior 
horacic strait. 


Under endotracheal anesthesia, a left posterolateral thoracotomy incision was made 
through the bed of the sixth rib. The pleura was incised and the mediastinum exposed. 
The upper portion of the mediastinum was opened and the esophagus defined and was 
found to be free of the surrounding structures. The esophagus was then freed from above, 
down below the arch of the aorta. Due to the inaccessibility of the diaphragm an incision 
was made in the eighth intercostal space. The remaining portion of the thoracic esophagus 
was then mobilized. The diaphragm was opened through the hiatal orifice and the stomach 
exposed. The spleen was somewhat in the way and was removed for exposure. The 
stomach was mobilized. The left gastric artery and a portion of the right were divided. 
The esophagus was divided at the cardia and the cardia was closed with interrupted silk 
sutures. The diaphragm was then repaired and sutured about the distal end of the 
stomach. The esophagus was free to the cervical region and the stomach was attached 
to the anterior chest wall to relieve any possible tension. The chest wall was then re- 
paired leaving two intercostal drains in place, one above and one at the base of the pleural 
cavity. The patient was then placed on his back and an incision made along the anterior 
border of the left sternomastoid muscle on to the chest for exposure of the clavicle. The 
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medial half of the clavicle and anterior portion of the first and second ribs were resected. 
The upper thorax was opened and the mobilized esophagus was brought out of the chest. 
The superior segment was carried above the deep vessels. The sternomastoid muscle was 
retracted and the larynx rotated to the right. The esophagus was freed for about one inch 


above the tumor to the level of the thyroid cartilage. The esophagus was divided above 


if 





Fig. 2.—Surgical specimen 





Fig. 3.—Postoperative examination with barium showing the cervical esophagogastrostomy. 


the tumor showing normal mucous membrane. The stomach was then delivered into the 
cervical area and an esophagogastrostomy, using a double layer of interrupted silk sutures, 
was carried out. The stomach was further anchored to adjacent tissue to relieve tension on 
the line of anastomosis. A Levin tube was passed into the stomach. The wound was then 


repaired, 
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During the procedure the patient received 2,000 ¢.c. of whole blood. Bronchoscopy 
was done before leaving the operating room. The postoperative blood pressure was 100 
systolic and 70 diastolic. 

The surgical specimen (Fig. 2) consisted of 19 em. of esophagus. On opening the 
esophagus, a large ulcerated mass with a necrotic center was found involving the upper 
segment. With the exception of about .5 em., the tumor completely encircled the eso- 
phagus. The tumor appeared to involve the wall, and the wall of the esophagus in this 
area was considerably thickened. A close examination of the tissue revealed no involved 
lymph nodes. Microscopie examination revealed squamous-cell carcinoma, grade 3 malig- 
nancy, with some invasion of the muscularis but no evidence of extension through the 
muscularis, The mucosa at the proximal end was free of tumor.* 



















Postoperatively the patient was placed on suction drainage of the chest. Penicillin 
and streptomycin were continued. Progres was satisfactory and the drainage tubes were 
removed the second postoperative day. The patient received 1,000 ¢.c. of blood after 
surgery. Early ambulation was employed. Food by mouth was given on the third day 
gradually increasing to a regular diet by the seventh day. 

X-ray examination with barium (Fig. 3) revealed no evidence of obstruction at the 
anastomosis. The patient was discharged Jan. 29, 1949. 








Follow-up examinations reveal the patient progressing satisfactorily. The only 
complaints are some slight discomforts and gas but he is swallowing well. At the last 
examination, June 18, 1949, the patient was doing well with no evidence of recurrence. 









SUMMARY 





A brief review of the literature is presented accompanied by a case report 
of removal of the upper portion of the esophagus including a portion of the 
cervical esophagus. An insufficient number of these cases have been done, ap- 
parently, to establish a definite criterion of technique. There, undoubtedly, have 
been other cases operated in somewhat this manner but they have not been re- 
ported in the literature at this time. No attempt has been made to champion one 
technique or the other. 










I have used the left-sided approach in all cases of esophageal resection so 
have had no experience with the right-sided approach. It is my feeling that the 
technique presented in this article is more feasible from many angles. The first 
thing is, it is done in one procedure; second, ample room is given at the site of 
anastomosis; third, it seems the anatomy is better adapted to the left approach. 









It is somewhat questionable in my mind, whether it is necessary to remove 
the clavicle and first rib, as it seems quite probable there is sufficient space to 
bring the stomach posterior to the subclavian vessels instead of anterior. How- 
ever, at the time I performed this operation, I felt that this might possibly 
produce mechanical obstruction from surrounding structures. 
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THE DIFFERENTIAL DIAGNOSIS OF UNRESOLVED PNEUMONIA 
AND BRONCHIOGENIC CARCINOMA BY PULMONARY ANGIOGRAPHY 


Puiuie G. Kem, M.D., AND DONALD J. ScHIssEL, M.D. 
Des Mornes, Iowa 


INTRODUCTION 


BE peesswsnannians pneumonia may simulate bronchial carcinoma clinically and 
roentgenographically. Differentiation of these conditions may be difficult 
or impossible by the diagnostic aids now commonly used. Delayed resolution 
of a pulmonary parenchymal lesion should suggest a pathologie process of more 
serious nature than that of simple pneumonia. Physical findings, clinical course, 
temperature, leucocyte and sedimentation curves, and immediate response to 
therapy may be very similar in carcinoma and pneumonia. Bronchography, 
bronchoscopy, and cytologic studies are of great diagnostic value but are at 
times inconclusive in the diagnosis of bronchial carcinoma. The difference in 
the nature of the pathologic process and the difficulty in diagnosis by the usual 
means prompted us to study the vascular pattern of the lungs in search of a 
diagnostic adjuvant. Pulmonary angiography affords a means for conducting 
such a study in the living patient. 

Since the original work on contrast visualization by Forssmann! and Moniz? 
and the detailed studies of pulmonary arteriography by Robb and Steinberg.* 4 
little has been written about angiocardiography in pathologie states of the pul- 
monary parenchyma. Most discussions deal with the differentiation of medias- 
tinal tumors, and some investigators*® *° have described recognizable defects in 
the pulmonary trunks in bronchial carcinoma. We® have previously reported 
decreased vascularity of lung parenchyma within and distal to primary ear- 
cinoma. We are not aware of any report which deals with the changes in the 
vascular pattern in pneumonia. 


CLINICAL MATERIAL 


The study group comprised twenty-six patients with primary bronchial ear- 
cinoma and thirty-five patients with resolving or unresolved pneumonia. The 
diagnosis was established histologically in the eases of carcinoma and clinieally 
in the pneumonia (that is, ultimate complete resolution of the inflammatory 
process and restoration of the individuals’ previous state of health). 


TECHNIQUE 


For pulmonary arteriography the patient is seated before a radiographic 
screen which holds 14 by 17 inch cassettes. A specially constructed leaded 
tunnel device, manually operated, is used to permit exposures every two sec- 
onds, ordinarily for a total of four exposures. Fifty ¢.c. of 70 per cent Diodrast 
are injected into an antecubital vein through a No. 13 needle in an average 
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time of one and one-half seconds. The injection is done percutaneously. Tim- 
ing is started when 35 to 40 ¢.c. have been injected. All films are taken at 
six feet, and the exposure factor is an additional 10 kv. over that for the ordinary 
six-foot film. 

The right heart and pulmonary arterial tree are well outlined on the two- 
second film. Pulmonary veins and left atrium are visualized on the four- and 
six-second films. The left ventricle and outflow tract are outlined on the eight- 
second film. 

FINDINGS 

The pulmonary arterial pattern of normal lungs is ordinarily quite com- 
parable on the two sides and there is a relative constancy of distribution 
throughout both lung fields (Fig. 1). The size and number of the arteries, 
when comparing the two lungs of the same individual, are much the same in 
the inner, middle, and outer lung zones (that is, secondary, tertiary, and smaller 
radicles), though the image is far from identical. The left pulmonary artery 
ordinarily courses higher than the right and curves quickly downward and 
backward, whereas the right trunk runs horizontally and varies considerably in 
length before dividing into upper and lower branches. 


Fig. 1.—Normal pulmonary arteriogram showing the excellent contrast on the two- 
second film following the injection of 50 c.c. of Diodrast into an an’ecubital vein. The 
size, number, and distribution of the arterial radicles are quite comparable on the two sides. 


Decreased vascularity of the pulmonary parenchyma was found in twenty- 
four of our twenty-six cases (92 per cent) of bronchial carcinoma (Figs. 2 and 
3). Of the two eases in which this finding was not apparent, one had diffuse 
lymphangitie spread of neoplasm throughout the entire lung, and the other 
had extensive tracheal and bilateral bronchial involvement without extrinsic 
evidence of neoplasm. 

In resolving and unresolved pneumonia there is a relative increase in the 
vascularity of the involved portion of lung when compared with uninvolved 
segments. In the late stages of resolution and after resolution is complete this 
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Fig. 2. Fig. 3. 

Figs. 2 and 3.—This patient, a 50-year-old white man, complained of chronic cough 
for many years and frequent upper respiratory infections for weeks prior to admission. 
The cough changed and became more productive and there was associated blood streaking. 
He had a low-grade fever, slight anemia, leucocytosis, and increased sedimentation rate. The 
arteriogram was done seven days after admission. Bronchoscopic diagnosis was asthmatic 
tracheobronchitis. Bronchial washings were positive for carcinoma. Pneumonectomy was done 
subsequently, and the final diagnosis was carcinoma, epidermoid, moderately well differenti- 
ated, right upper lobe bronchus. 

Fig. 2, Bronchial carcinoma, plain film, interpreted originally as revolving pneumonia. 

Fig. 3, Arteriogram, same patient as Fig. 2, showing decreased vascularity of the entire 
right upper lobe. 








Fig. 4. Fig. 5. 
Figs. 4 and 5.—This 5l-year-old white man entered the hospital complaining of left 
chest pain, fever, weight loss, and anorexia and gave the history of repeated episodes of 





pleurisy and pneumonia involving the left lung. He had a productive cough, low-grade fever, 7 
moderate leucocytosis, and an elevated sedimentation rate. Pulmonary arteriography was done : 
seven days after admission. The lesion subsided completely after several weeks’ hospitali- aq 
zation. ; 


Fig. 4, Plain film, unresolved pneumonia, left mid-lung field. 
Fig. 5, Arteriogram showing relative increase in vascularity of the left mid-lung field. 
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relative increase in vascularity is no longer present. The increase involves the 
secondary and lesser arterial radicles both in regard to size and number. (Figs. 
4 and 5.) Twenty-six of the thirty-five cases showed relative increase in the 
vascularity of the segment of pneumonic lung as compared with the opposite 
lung. The remainder showed normal vascularity. (Most of these were done 
during the final stage of resolution.) 

No case of pneumonia has shown decreased vascularity of the involved por- 
tion of lung. 
DISCUSSION 


The explanation of the vascular changes found is based on the fundamental 
differences of the pathologie processes. Numerous textbooks of pathology men- 
tion increased vascularity evident to the naked eye in specimens of lung show- 
ing resolving pneumonia. The hyperemia involves predominantly the smaller 
vessels, and compensatory dilatation is present in the larger vessels supplying 
the inflamed portion of jung. Anderson‘ described the process of resolution: 
‘“When most of the exudate has been absorbed but before re-expansion has oc- 
curred, the appearance is simply that of atelectasis and hyperemia with more or 
less edema.’’ The presence of atelectasis within the area, by increasing the 
density to the roentgen ray, may serve to accentuate the presence of relative 
increase in vascularity on the angiogram. Karsner*® stated that after complete 
resolution, hyperemia lasts for ‘‘over a few weeks.”’ 

The factors which produce the picture of decreased vascularity within and 
distal to carcinoma, in our opinion, are: (1) compression and obstruction of 
arterial radicles by expanding and infiltrating neoplasm; (2) compensatory 
emphysema due to partial bronchial obstruction; (3) necrosis of lung tissue.® 


SUMMARY 


We have found pulmonary arteriography useful in the differentiation of 
unresolved pneumonia and bronchial carcinoma. 

Increased or normal vascularity of the involved segment of lung is a 
characteristic finding in unresolved pneumonia, while decreased vascularity 
within and distal to the carcinoma is a very frequent finding (92 per cent of 
our series). 


Acknowledgment.—We are indebted to Dr. Daniel J. Glomset, Chief of the Medical 
Service, and Dr. Ralph A. Dorner, Attending Thoracie Surgeon, for helpful advice. 
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EXCISIONAL SURGERY IN PULMONARY COCCIDIOIDOMYCOSIS 


Dermont W. ME ick, M.D. 
PHOENIX, ARIZ. 


INTRODUCTION 


HE following is a report. representing an attempt to tabulate the known 

eases of pulmonary coccidioidomyeosis treated by excisional surgery. 

Inquiries were sent out to all members of The American Association for 
Thoracic Surgery, as well as other individuals who might have occasion to 
carry out excisional surgery in this disease. Replies were received from 224 
individuals. Geographically this represented 37 states in the United States, 
9 different localities in Canada, as well as single replies from Hawaii and 
Sweden. There were 8 surgeons in California who reported, 4 surgeons in 
New York, 3 surgeons in Massachusetts, 3 surgeons in Arizona, and 2 surgeons 
in each of the following states: Missouri, Louisiana, North Carolina, Wash- 
ington, D. C., Texas, and Wisconsin. In each of the following localities 1 
surgeon reported: West Virginia, Minnesota, Utah, Colorado, Virginia, Ten- 
nessee, and Hawaii. 


TABULATION OF INDIVIDUAL REPORTS 


Greer, Forsee, Grow, and Mahon reported 9 lobectomies, and local excision 


in + others. The indications were persistent cavitation, recurrent hemorrhage, 
exclusion of neoplastic disease, and spontaneous pneumothorax, with failure of 
the lung to re-expand. 

B. Cotton reported 5 pneumonectomies, 5 lobectomies, and 3 segmental 
resections. The indications were cavitation. There were no complications. 

W. L. Rogers reported 8 eases. In 3, lobectomy was performed, and in the 
other 5 eases either a combination of enucleation of cavity or local excision 
was carried out. The indications were not stated. The complications were not 
stated. 

D. W. Melick reported 1 pneumonectomy, 3 lobectomies, 2 enucleations, 
and in 2, local excision. The indications were persistent cavitation, recurrent 
hemorrhage, suspicion of neoplasm, and persistent bronchopleural fistula fol- 
lowing spontaneous pneumothorax. Following lobectomy one patient de- 
veloped a bronchopleural fistula, complicated by empyema. It was necessary 
to perform a thoracotomy, followed by thoracoplasty in order-to effect a cure. 

J. C. Jones reported 5 lobectomies. The indications were persistent cavi- 
tation, hemoptysis, and tension cavity. An empyema followed 1 lobectomy 
performed by the tourniquet technique. The empyema eventually cleared, and 
the patient is well at this time. 

R. R. Shaw reported 1 lobectomy and 3 segmental resections. The indica- 
tions were persistent cavitation and granuloma. Dr. Shaw described his cases 
of cavitation as often representing residual cyst due to epithelization of pre- 
vious coccidioidal cavity. There were no complications. 
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F. B. Berry reported 4 lobectomis. He failed to give his indications for 
surgery. Following lobectomy he reports a spread of the disease which was 
controlled by thoracoplasty. 

O. T. Claggett reported 1 pneumonectomy, 1 lobectomy, and 1 local ex- 
cision. The indications were pulmonary lesions of indeterminate etiology 
which had not responded to conservative measures. There were no complica- 
tions. 

T. B. Wiper reported 2 lobeetomies and 1 segmental resection. The in- 
dication was cavitation. There were no complications. 

T. H. Burford and E. A. Graham reported 2 lobeetomies. The indication 
was cavitation. A complication in 1 case was empyema. 

F. P. Coleman reported 2 lobectomies. The indication was cavitation. 
There were no complications. 

G. V. Brindley, Jr., reported 2 lobeectomies. The indications were not 
stated. There were no complications. 

J. D. Murphy reported 2 lobectomies. The indication was cavitation. A 
complication in one was recavitation in the lower lobe on the side of upper 
lobectomy. A thoracoplasty failed to close the cavity. An Eloesser cavernos- 
tomy was performed, and smears from the cavity revealed acid-fast bacilli as 
well as coecidioidal spherules. 

W. Weisel reported 2 lobectomies. The indication was hemoptysis. There 
were no complications. 

J. Weinberg reported 1 pneumonectomy and 1 lobectomy. The indiea- 
tions were bronchopleural fistula and empyema in 1 ease, and cavitation in the 
second case. At the time he performed the pneumonectomy, a pleural de- 
cortication was included. 

H. Randolph reported 1 lobectomy and 1 pneumonectomy. The indiea- 
tions were cavitation and suspicion of carcinoma. There were no complica- 
tions in the cavity case. The second patient died in the immediate postoper- 
ative period. 

Max Chamberlain reported 1 lobectomy. The indication was suspicion of 
neoplasm. There were no complications. 

J. B. Amberson reported 1 lobectomy. The indication was cavitation. 
There were no complications. 

D. J. Dugan and P. C. Samson reported 1 lobectomy. The indications were 
cavitation and hemorrhage. There were no complications. 

Krapin and Lovelock reported 1 lobectomy. The indications were cavita- 
tion and recurrent hemorrhage. A complication was recurrence of cavity in 
the lower lobe, eventually closed by thoracoplasty. 

A. Ochsner reported 1 lobectomy. The indication was cavitation. There 
were no complications. 

F. Raine reported 1 local excision. The indication was cavitation. There 
were no complications. 

D. E. Harken reported 1 case. He does not state his indication or com- 
plications. He does state that a decortication for hemothorax was ineluded 
simultaneously with the local excision of the coccidioidal lesion. 
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R. H. Sweet reported 1 lobectomy. The indication was cavitation. There 
were no complications. 

R. A. Daniels, Jr., reported 1 lobectomy. The indications were cavitation, 
productive cough, and hemoptysis. There were no complications. 

W. R. Rumel reported 1 lobectomy. The indication was cavitation. There 
were no complications, 

3rian Blades reported 1 lobectomy. The indications were cavitation and 
hemoptysis. There were no complications. 

L. Miseall reported 1 lobectomy. The indication was cavitation. There 
were no immediate complications, but two months following surgery, new 
cavities were present in the upper lobe on the opposite side to resection, and 
also cavitation in the lower lobe on the side of resection. 

P. Sanger reported 1 segmental resection. The indication was cavitation. 
There were no complications. 

H. E. Johnson reported 1 lobectomy. The indication was cavitation. 
There were no complications. 

J. P. Lynch reported 1 lobectomy. The indications were cavitation and 
hemoptysis. There were no complications. 

R. Ross reported 1 lobectomy. The indication was a round, solid lesion 
suspicious for carcinoma. There were no complications. 

W. White, Jr., reported 1 segmental resection. He stated the diagnosis 
was not certain, however, although the microscopic appearance was consistent 
with a diagnosis of coccidioidomycosis. 

J. W. Stacey reported 1 local excision. The indication was a round, solid 
lesion suspicious of carcinoma. There were no complications. 

F. X. Byron reported 1 lobectomy. The indications were cavitation and 
hemorrhage. There were no complications. 

E. D. Churchill reported 1 lobectomy. The indication was consolidation 
of the left upper lobe. There were no immediate postoperative complications 
but the patient died some weeks later of the disease. This lobectomy was ear- 
ried out by the tourniquet method because of hilar adenopathy and inability 
to do an adequate individual ligation. 

P. W. Gebauer reported 1 lobectomy. The indications were cavity and 
hemoptysis. There were no complications. 

E. W. Davis reported 1 segmental resection. The indication was a sol- 
itary nodule suspicioned to be neoplastic. There were no complications. 

E. Holman reported 1 lobectomy. The indication was cavitation. A com- 
plication was a bronechopleural fistula which followed the lobectomy. This 
resulted in empyema and necessitated a thoracoplasy from which the patient 
recovered and is now considered cured. 


DISCUSSION 


In addition to the excisional surgery, decortications were reported for 
coccidioidomyecotic empyema or spontaneous pneumothorax resulting in fail- 
ure of the lung to re-expand. Holman reported 1, Greer, Forsee, Grow, and Ma- 
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hon reported 4, Harken reported 1, Weinberg reported 1, Cotton reported 2, 
and Melick reported one. 

In at least 6 instances the surgeons reporting from the Eastern and North- 
ern states recorded the fact that the patient contracted the fungus disease in 
the Southwest. No particular attempt was made to determine the mortality 
rate. There were, however, 3 deaths reported, | by Randolph, 1 by Harper, 
and 1 by Churchill. 


COMMENTS OF DIFFERENT INDIVIDUALS IN REGARD TO SURGICAL THERAPY 


Dr. David T. Smith of Duke University stated as follows: ‘‘It is my im- 
pression from seeing material at the Fitzsimmons Hospital in Denver that the 
minimum amount of surgery which removes a cavity is adequate. In some 
cases this has been segmental resection, but in most instances it has been lobee- 
tomy. Pneumonectomy only is needed if the disease is extensive and extended 
over two or more lobes.”’ 

F. J. Phillips had this to say: ‘‘From what I know of this disease I be- 
lieve I would not hesitate to do a resection if there were an isolated lesion that 
had run a protracted course and there were no other contraindications. ’’ 

Dr. Felix Hughes, Memphis, Tenn., said: ‘‘As far as coecidioidomycosis 
is concerned, it seems to me I recall that excisional surgery is not tolerated 
well.”’ 

Dr. David Creighton of New Rochelle, N. Y., said: ‘‘The problem of sur- 
gical procedure in coccidioidal cavitation is still a moot one. Its solution de- 
pends on an adequate follow-up study of present methods. Until such a study 
is available it is my feeling that excisional surgery, that is to say lobectomy, 
suffices. When more than one lobe is removed, however, adjunctive thoraco- 
plasty will prevent the possible reactivation of invisible granulomatous foci by 
undue stretching of the remaining lung tissue. However, the use of thoraco- 
plasty, previously a very tenable procedure, would be open to censure, in view 
of the recent mention of Dr. Smith in regards to cavity epithelization in coe- 
cidioidomycosis.’’ 

Dr. C. E. Smith of San Francisco, the Stanford University School of Medi- 
cine, stated: ‘‘As for the recurrence of cavities after thoracotomy and resee- 
tion, in view of the apparent remoteness of that complication, it will require 
time to decide whether or not thoracoplasty should be performed soon after 
resection. One wonders if thoracoplasty might be reserved for the complica- 
tion rather than carry it out as a prophylaxis against such a complication. 
My own position is that I do not believe in any intervention unless there are 
symptoms, and specific reasons are present. Most cavities close if left alone, 
and most eavities which do not close are asymptomatic. If ineapacitating 
symptoms are present, however, then I would certainly use thoracotomy if 
phrenie erush failed to cure the patient.’’ 

Dr. Plimpton Guptill, Rochester, N. Y., said: ‘‘It is my feeling that sur- 
gery is not particularly appropriate in the cavitation of this disease. I be- 
lieve they should have a long period of conservative treatment and that a de- 
crease in the expansion of the lung by phrenic nerve is a safe procedure.”’ 
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Dr. W. L. Rogers of San Francisco wrote: ‘‘We have used three types of 
resection: (1) Lobeetomy, where considerable parenchymal infiltrate is pres- 
ent; (2) segmental resection; (3) enucleation or excision of the cavity itself, 
not attempting any repair of the parenchyma after it is excised.’’ 

Dr. David J. Dugan of San Franciseo said this: ‘‘I feel it is safe to as- 
sume that, as far as resection in coccidioidomyeosis is concerned, particularly 
with cavitation, excisional surgery is only indicated in the presence of pul- 
monary hemorrhage.’’ 

Dr. F. X. Byron, Los Angeles, stated: ‘‘From my knowledge of the dis- 
ease in general. it would seem to me that segmental lobectomy should not be 
undertaken because of the possibility of traversing infective lung tissue, and, 
as you know, coecidioidomyeotic empyemas are notoriously difficult to handle. 
Lobectomy, however, appears to be entirely feasible in most cases.’’ 

Dr. Lawrence Miseall, New York, says this: ‘‘I am convinced that in this 
disease one must be careful of the possible presence of disseminated foci. 1 
know of no other way to reach a positive conclusion in regards to these foci 
than by taking postero-anterior and both lateral tomographic series. ’’ 

Dr. Robert Shaw of Dallas, Texas, stated: ‘‘At present it is my opinion 
that granulomas caused by coccidioidal infection should be removed by ex- 
cision. I also believe that residual cysts from this infection are best treated 
by excision. From the experience of others I have gained the impression that 
pneumothorax therapy or paralysis of the diaphragm will not bring about 
closure of these defects. We have found them to be epithelized in the cases in 
which we have removed the cysts, so that is readily understandable why these 
cysts will not heal with collapse.’’ 

Dr. John C. Jones of Los Angeles said: ‘‘It is my feeling that the in- 
cidence of complications in lobectomy at the present time is so low, and the 
mortality is so low, that certainly a persistent long-standing granulomatous 
cavity is an indication for a resection, and I believe that will probably be more 
or less accepted in the not too distant future.’’ 

Dr. Fred Harper of Denver had this to say: ‘‘I believe that only the very 
persistent cavities would be suitable for lobectomy.”’ 

Dr. Thomas Burford, St. Louis, wrote: ‘‘From what I can learn from my 
colleagues, I believe it is the general feeling that carefully done excisional 
surgery is the treatment of choice in the old, long-standing cases with re- 
calcitrant cavities. A prime requisite of successful surgery is a wide excision 
of the disease-bearing area. For myself I would never do a segmental lobeec- 


tomy in this disease.’’ 

Dr. W. A. Winn of Springville, Calif., said: ‘‘I am inclined to believe that 
surgeons are somewhat overdoing resection for this disease. Perhaps the in- 
dications for resection have to be more sharply defined. The existence of 
cavitation per se should not mean pulmonary resection, but under certain cir- 
cumstances surgical removal does become necessary. ”’ 
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CONCLUSION 

Excisional surgery has been carried out in 98 instances for pulmonary 
coccidioidomycosis. The indications are persistent cavitation, recurrent hem- 
orrhage, productive cough, suspicion of neoplasm, granuloma, failure of the 
lung to re-expand following spontaneous pneumothorax, indeterminate lesions 
failing to respond to conservative measures, and residual cysts due to epitheli- 
zation of previous coccidioidal cavity. 

The complications have been few, but those recorded were empyema, 
bronchopleural fistula, and recavitation in the remaining portion of the lung. 
Three deaths following excisional surgery are reported. 


ADDENDUM 


Additional reports have brought the total number of cases of excisional surgery in pul- 
monary coccidioidomycosis to one hundred nine. An additional lobectomy plus a case of lo- 
eal excision should be credited to Greer, Forsee, Grow, and Mahon. Also, Dr. Bert Cotton 
should be credited with an additional 5 pneumonectomies, plus 4 in which local excision 
of the cavity was carried out. Dr. Cotton has this, in addition, to say in regard to surgery 
in this disease: ‘‘As far as reactivation in coccidioidomycosis is concerned, I have never seen 
this occur, and this includes an experience with over 500 cases I have reviewed. I feel it will 
never be necessary to do a postoperative thoracoplasty to prevent reactivation. I have never 
seen this disease, when in the chronic phase, spread in the manner of tuberculosis. Dr. Byron 
mentioned how difficult it was to handle empyema from coccidioidomycosis. I might state 
that in 4 decortications the surgery was performed in the presence of purulent material, and 
this purulent material was filled with spherules of coccidioidomycosis. These 4 decortica- 
tions were accomplished, and the postoperative course of the patients was characterized by 
freedom from complication. One discussant mentioned that excisional surgery is only in- 
dicated in the presence of pulmonary hemorrhage. In several cases I have found secondary 
suppurative infection in the cavities, and this is considered an indication for pulmonary re- 
section. As far as segmental foci are concerned, in every case upon which I have operated 
for cavitation, many small foci were palpated in the adjacent lung, but were completely dis- 
regarded as being unimportant as to reactivation. I would also like to take exception with 
Dr. C. E. Smith’s statement that most cavities close if left alone. If he is speaking of the 
acute cavity, then he is correct; however, if he is talking of the chronic cavity which persists 
after the acute infection has disappeared, then he is speaking of the cavities which we are 
trying to eliminate with collapse therapy and resection, and they do not close spontaneously. 
The statement that most cavities that do not close are asymptomatic we have found to be in- 
correct.’’ 





CYSTIC ACCESSORY LOBE 


REpPoRT OF A CASE 


LEON J. LEAHY, M.D., aNp JAMES D. MacCatuum, M.D. 
Burrao, N. Y. 


RECENT patient with cystic disease of the lung presented a type of this 
A condition which was unique in our experience. After reviewing the 
literature and discussing the condition with several other thoracic surgeons, 
it would appear that this variety justifies the following case report. 


J. C., a white man, 36 years of age, occupation, laborer, was admitted to the 
Buffalo General Hospital on Nov. 19, 1948. Chief complaint was of pain in the left 
lower chest of about two weeks’ duration. The onset of pain occurred while he was 
carrying a heavy weight. It first appeared in the left shoulder and five days later 
the pain recurred in the left lower chest. This was not severe and only slightly ag- 
gravated on deep inspiration. On inquiry, a history of an unproductive cough of six 
months’ duration was elicited. Functional inquiry and laboratory examinations were 
negative. 

Physical examination showed a rather asthenic man, 6 feet 6 inches tall, not 
acutely ill. The only positive physical findings were in the left chest in which area 
flatness to percussion and absent breath sounds were present in the lower third. 

He was referred to the hospital because it was felt he was suffering from spon- 
taneous pneumothorax following x-ray films made elsewhere. Bronchoseopic examina- 
tion revealed a normal] tracheobronchial tree. 

X-ray studies of the chest, fluoroscopically and radiologically, revealed a huge intra- 
pulmonary cystic structure in the left chest. The cyst wall touched the anterior pleura 
and very closely approximated the diaphragm, which was elevated. It was in contact with 
the left lateral chest. There was a considerable amount of fluid in the left pleural space. 
However, none could be demonstrated within the cyst. The heart was deviated to the 
right. It was difficult to localize which portion of the lung contained the cyst and in 
positioning the patient to determine this fact, it was found that the location of both pleural 
fluid and the air-filled cyst seemed to move about with great freedom. This phenomenon 
aroused our curiosity and we were somewhat at a loss to explain the mechanism through 
which it occurred. 

Final x-ray and clinical diagnosis of pulmonary cyst in the lower portion of the 
left upper lobe with a bronchial communication and associated with a pleural effusion 
was arrived at. Lobectomy was decided upon. 

Operation.—On Nov. 23, 1948, a thoracotomy was done under intratracheal anesthesia, 
with resection of the sixth rib on the left side. There was a moderate amount of cloudy 
fluid in the pleural cavity. This was estimated at 300 ¢.c., cultured, and proved to be 
sterile. There was no evidence of tuberculosis. The lower lobe was markedly collapsed, 
being practically airless, and the upper lobe showed a lesser degree of atelectasis. The 
striking finding of a large cyst bulging through the wound after the pleura was opened 
was encountered. This was thin walled, filled with air, and the size of a fetal head. It 
could be moved about with great freedom and on inspection of the pleural cavity, it was 
found to originate from the pulmonary ligament, completely below the left lower lobe, and 
not attached to any other structures except the ligament. It was unilocular and there was 
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found to be a fairly small pedicle by which it was connected with the mediastinum. It 
very closely resembled a large ovarian cyst, attached to the broad ligament by a narrow 
stalk at the base. When positive pressure was applied by the anesthetist, the shape or 
tension of the cyst was not affected. This was in spite of the fact that there was a small, 
goose-quill like bronchus entering it. It was a very simple matter to apply two clamps, 
remove the cyst, and ligate the pedicle. Following the removal of the cyst, both lobes 
expanded fully under positive pressure, and the chest wall was closed. 


1.—The cyst is in the lower field. The atelectatic lower lobe lies deep in the chest. 
Above it the normal upper lobe is seen. 


The patient’s postoperative course was entirely benign and he was discharged on Dee. 
2, 1948, without chest fluid and the lung fully expanded. Follow-up film taken Mareh, 1949, 
revealed no abnormalities. 


Pathology Report.—The pathologic report* was of a pear-shaped cyst with a very thin 
wall, measurements 13 by 10 em., filled with air. A few ¢.c. of bloody fluid shone through the 
wall. The cyst in a fixed state contained about 20 ¢.c. of hemorrhagic fluid but otherwise only 


air. It could be probed through a channellike structure which appeared compressed in semi- 
lunar fashion and apparently contained cartilage in the wall. The hilar portion for a distance 
of about 2.5 em. consisted largely of lunglike tissue and the eystie channel about 1 em. in 
diameter leading to the large cyst. 


*By Dr. Kornel Terplan. 





74 THE JOURNAL OF THORACIC SURGERY 


Microscopic sections through the cyst showed a considerably hyalinized wall and in 
numerous areas a well-preserved epithelial lining consisting of cuboidal and low columnar 
forms. There was no cartilage, nor were there any mucous glands in the wall. The pleural 
part was considerably thickened and moderately infiltrated by lymphoid cells. Sections 
through the hilar portion showed a lobular lung pattern with distended alveolar spaces most 
of which showed an epithelial lining similar to the large cyst. Throughout the septa there 
was an accumulation of lymphoid cells and scattered eosinophils. Within the alveolar 
spaces was recent blood. Part of the stroma within the hilum was markedly edematous. 

Conclusion—The entire structure was actually an additional anlage of a pulmonary lobe 
with huge cystie distention of one or more original alveolar or bronchiolar spaces. 





a 





Fig. 2.—Surgical specimen. 


DISCUSSION 


Accessory lobes have been recognized since 1687, but in 1925, Koontz’ was 
able to collect only 108 cases. Since that time at least several hundred more have 
been added, so that the condition is now well recognized. Freedlander and 
Gebauer? suggested that this anomaly occurs when tracheal buds push into the 
mesenchyme and become partially isolated. In some eases the communication 
with the tracheobronchial tree remains so that an accessory lobe is produced in 
contradistinction to the aberrant lobe in which there is no communication. 

Cystic change in an accessory lobe was found by Koontz’ in four eases. Ty- 
son,? Anzola-Carillo,t and Santy, Berard, and Galy® have reported cases in which 
fluid contents were present in the cyst. The presence of a pedicle was uncommon. 
Kleine® described a post-mortem specimen in which a thin-walled air-filled cyst 
was connected to the medial portion of the left upper lobe by a pedicle. The 
development of cystic change is not well understood although bronchial obstruc- 
tion due to stenosis, retained secretions, or valvular formation due to faulty 
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Fig. 4.—Hilar portion of the cyst. 
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canalization has been suggested. If such obstruction occurs in a higher order 
bronchus or bronchiole distal to mucous glands, it would be air-filled as in the 
case presented. 

Clinically, Santy, Berard, and Caly,* feel that it is diffieult to make a elini- 
eal diagnosis of eysts of the pulmonary pedicle. Alterations of positions will 
cause pain, clicks, and vasomotor disturbances, due to the pull of the cyst. This 
was not present in our case quite possibly due to the fact that the eyst was air- 
filled and did not, therefore, exert much traction. These authors feel that all 
eysts having their origin in the region of the pulmonary pedicle arise from an 
aecessory bronchial bud or from a supernumerary lobe. They report four cases 
which fall in this group; in all of these the cysts contained fluid. These authors 
mention only two cases in the literature in which air also was present in the cyst 
so that a fluid level was visible. 

A lesion such as the one reported may be confused with a pneumothorax. 
Adequate x-ray study in various positions will indicate that the air is contained 
within a cystic wall. In this instance free pleural fluid offered an additional 
means of differentiation. 

Surgical excision is the only satisfactory treatment. Removal of these lesions 
avoids the hazards of infection, the effects of continued growth, and the possi- 
bility of malignant change. Theoretically at least, it is possible for cysts of this 
+ype to undergo torsion of the pedicle and subsequent necrosis. These cysts may 
be removed without sacrifice of pulmonary tissue. 

Addendum.—Since this article was submitted for publication the report of a some- 
what similar case has appeared in the literature: DeBakey, M., Arey, J. B., and Brunazzi, R.: 
Successful Removal of Lower Accessory Lung, J. THORACIC SurG. 19: 304-312, 1950. 
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RHABDOMYOSARCOMA OF THE ESOPHAGUS 


Puiuie THorEK, M.D.,* AND BENJAMIN H. NEIMAN, M.D.+ 
CuHicaGo, IL. 


HABDOMYOSARCOMA of the esophagus is an extremely rare lesion. Only 

3 eases could be found in the world literature, and we are adding a fourth. 
As far as we could determine, our case is the only rhabdomyosarcoma which was 
resected, the patient being alive and apparently well one year after surgery. 

REVIEW OF THE LITERATURE 

After a very thorough study of the world literature we were able to collect 
58 proved cases of sarcoma of the esophagus. Of this group 30 were fibrosar- 
comas, 8 were leiomyosarcomas, 5 were lymphosareomas, 5 were melanosarcomas, 
7 were unclassified sarcomas, and only 3 were rhabdomyosarcomas (Table 1). 

Chapman (1877)! described the first esophageal sarcoma. This lesion arose 
from the inferior constrictor musele of the pharynx and the inlet of the esopha- 
gus. He stated that ‘‘it may be considered to belong to the comparatively inno- 
cent sarcomas, death having been produced rather from the accident of its situa- 
tion rather than from the violence of its constitutional effects.’ Starek (1900)°* 
collected 7 cases of sarcoma of the esophagus from the literature and added 2 of 
his own. Corner and Fairbank (1904)* reported 14 cases of sarcoma of the 
esophagus. Hacker (1909)* collected 21 cases of esophageal sarcoma, but later 
Hacker and Lotheissen (1926)° stated that 38 cases had been described, but that 
in some of these the origin was doubtful. Goldstein (1921)° collected 21 cases of 
proved sarcomas. Fischer (1926)? found 50 reported cases, but Simon (1928)* 
stated that there were only 30 objection-free cases in the literature. These state- 
ments need only to be read to appreciate the state of confusion which exists 
regarding the incidence of this condition. 

Sareoma of the esophagus occurs more frequently in men and has been 
found in ages ranging from 4 to 70 vears.® However, more sarcomas were seen 
in the early age group than were carcinomas. 

Rhabdomyosareomas are found most frequently in the genitourinary system, 
namely, the uterus, vagina, testis, bladder, and particularly in the kidney. The 
congenital lesions of this type of tumor are frequently found in the heart. These 
tumors have also been reported in the tongue, stomach, parotid gland, breast, 
prostate gland, and practically all the voluntary muscles of the body.® The 
occurrence of rhabdomyosarcoma in the esophagus, however, is a rarity, such a 
lesion having been reported, as stated previously, only 3 times before; our case 
is the fourth on record. 

The 3 eases previously described as rhabdomyosarcoma of the esophagus 
were recorded by Wolfensberger,'’ Glinski,'' and Dvorak.'* Woltensberger 

Received for publication Oct. 8, 1949. 
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ISOPHAGEAL SARCOMAS REPORTED IN THE LITERATURE 




















NUMBER 
OF 
CASES 
AUTHOR DATE TYPE OF SARCOMA CITED CLASSIFICATION 
?. Chapman! 1877 |Spindle, round, and oval cells 1 Fibrosarcoma 
J. H. Targett26 1888- |Spindle, round, and oval cells 1 Fibrosarcoma 
1889 
B. H. Stephan27 1890 |Sarcoma of lymphocytic origin 1 Lymphosarecoma 
L. Shaw2s 1891 |Round and oval cells I Fibrosarcoma 
H. D. Rolleston29 1892- |Round cell 1 Fibrosarcoma 
1893 
R. Wolfensberger!® 1894 |Striated muscle cells 1 Rhabdomyosarcoma 
A, Notthaft3° 1895 |Spindle cell 1 Fibrosarcoma 
Albrecht! 1895 |Alveolar sarcoma 1 Fibrosarcoma 
C. Ogles2 1896 |Spindle cell 1 Fibrosarcoma 
L. E. Livingood3s 1898 |Spindle cell Fibrosarcoma 
G. B. James34 1898 {Spindle cell 1 Fibrosarcoma 
H. Starck? 1900 |Round, oval, and spindle cells 1 Fibrosarcoma 
Round, oval, and spindle cells 1 Fibrosarcoma 
A. Gastpar13 1900 |Large mixed cell: spindle and 1 Fibrosarcoma 
round cells 
T. Chiba35 1900 |Mixed cell 1 Sarcoma 
(unclassified ) 
L. Huismans36 1901 |Round cell 1 Fibrosarcoma 
L. K. Glinskil! 1902 |Mixed tumor with striated muscle l Rhabdomyosarcoma 
C. von Eicken?+ 1902 |Spindle and giant cells 1 Fibrosarcoma 
W. T. Howard, Jr.37} 1902 {Smooth muscle cell 1 Leiomyosarcoma 
E. H. Bauer14 1904 |Pigmented tumor cells 1 Melanosarecoma 
Wegener3s 1904 |Round cells 1 Fibrosarcoma 
Von Lange?9 1904 |Spindle and large round cells I Fibrosarcoma 
P. Frangenheim#4° 1906 |Spindle and giant cells 1 Fibrosarcoma 
H. Joliat41 1907 |Pigmented tumor cells 1 Melanosarcoma 
V. Hacker 1908 |Spindle cells and smooth muscle 1 Leiomyosarcoma 
cells 
K. Donath#2 1908 |Spindle and giant cells 1 Fibrosarcoma 
G. Herxheimer43 1908 |Spindle cells 1 Fibrosarcoma 
R. Borrmann## 1908 |Spindle and giant cells ] Fibrosarcoma 
J. W. Reith45 1909 |Giant cell type 1 Fibrosarcoma 
Giant cell type I Fibrosarcoma 
Rieke46 1909 |Spindle and giant cells 1 Fibrosarcoma 
Snoy47 1911 | Mixed cell 1 Sarcoma 
(unclassified ) 
E. Bertholet4s 1911 |Round cell of lymphocytic origin 1 Lymphosarcoma 
Schmincke#49 1914 |Mixed cell l Sarcoma 
(unelassified ) 
C. Jackson50 1915 |Round cells 1 Fibrosarcoma 
E. Bauer51 1916 |Smooth muscle cells 1 Leiomyosarcoma 
M. Hofmané2 1920 |Pigmented spindle cells 1 Melanosarcoma 
C. Jackson53 1925 |Round cells l Fibrosarcoma 
Lymphoeytie origin l Lymphosarcoma 
V. Hacker and 1926 |Round and spindle cells l Fibrosarcoma 
G. Lotheissen5 
M. Schwartz54 1926- |Spindle cells 1 Fibrosarcoma 
1927 
J. Guisez55 1927 |Undifferentiated cells 1 Sarcoma 
(unelassified ) 
A. M. Martin56 1928 |Lymphoceytie origin 1 Lymphosarcoma 
K. Matsuoka and 1928 |Undifferentiated cells ] Sarcoma 
H. Hata57 (unelassified ) 5 
E. Voss58 1928 |Pigmented tumor cells 1 Melanosarcoma 
H. J. Dvorak12 1931 |Striated muscle cells 1 |Rhabdomyosarcoma 
R. Waldapfel59 1932 |Undifferentiated cells 1 Sarcoma 
(unclassified ) 
T. B. Mallory6o 1935 |Smooth muscle cells 1 Leiomyosarcoma 
T. C. Jaleski and 1935 |Pigmented tumor eells 1 Melanosarecoma 
P. V. Waldo#1 
C. Jacksoné62 1935 |Lymphocytie origin 1 Lymphosarcoma 
Round cells 1 Fibrosarcoma 
Spindle and round eells 1 Fibrosarcoma 
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NUMBER 
OF 
CASES 
AUTHOR DATE TYPE OF SARCOMA CITED CLASSIFICATION 
F. R. Menne and 1937 |Spindle and oval cells in 1 Leiomyosarcoma 
R. F. Birges3 striated muscle 
L. R. French and 1941 |Smooth muscle cells 1 Leiomyosarcoma 
L. H. Garland22 
L. Bayer64 1941 |Undifferentiated cells 1 |Sarcoma 
(unclassified ) 
A. E. Pennesé5 1942 {Smooth muscle cells 1 Leiomyosarcoma 
Case No. A 361 of 1949 |Smooth muscle cells 1 Leiomyosarcoma 
the University of 
Texas66 
D. E. Clark67 1949 |Connective tissue cells 1 Fibrosarcoma 
P. Thorek and 1949 {Striated muscle cells 1 Rhabdomyosarcoma 
B. Neiman 
Total | | |} 59 | 





(1894)*° reported a case of primary rhabdomyosarcoma of the lower third of the 
esophagus. Associated with this lesion was a metastasis to a gland behind the 
cardiac end of the stomach. Microscopic studies revealed cross striations. He 
interpreted the cellular elements of this tumor, other than the muscle present, as 
undifferentiated embryonal cells. Glinski (1904)'! stated that the cells were 
types which differentiate into entirely different tissue and therefore called the 
growth in his case a mixed tumor with striated muscle. He was of the opinion 
that these tumors arise from undifferentiated mesenchyme which becomes dis- 
placed when the developmental changes oceur in the ventral floor of the foregut, 
and that cross striations in the muscle cells of these tumors are difficult to demon- 
strate and find. Dvorak’s’? case was found in the cervical region of the esopha- 
gus in a woman 27 years old. Although cross striations could not be demon- 
strated by him, this was believed to be due to a failure of fixation of the fresh 
tumor tissue in a proper solution. He believed, however, that the embryonal 
cells which he demonstrated were differentiating into striated muscle of the 
voluntary type. 

The tumor in our ease, which shall be described subsequently, was examined 
microscopically by one of us (B. N.), and also by the Army Institute of Pathol- 
ogy. Both agreed that ‘‘this lesion is undoubtedly a myosarecoma, and that the 
most likely possibility is a rhabdomyosarcoma.’’ It has been coded in the Army 
Institute of Pathology as a rhabdomyosarcoma. 


PATHOLOGY 


Sarcoma of the esophagus is found most frequently in the lower part of the 
thoracic esophagus, and like carcinoma selects the three esophageal constrictions 
as the points of predilection. The lesion may be quite small as in Dvorak’s’” 
case, or may be very large as in the eases reported by Gastpar’® and Bauer.’ 

Esophageal sarcomas have been classified by Ewing® into the following two 
groups: ulcerative growths and polypoid growths. Kaufman,'® Hacker and 
Lotheissen,® and Fischer’ preferred to group these lesions as: (1) the more cir- 
cumscribed type, and (2) the diffuse infiltrating type. 
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Sareoma, especially of the cireumseribed polypoid variety, usually arises 
from the anterior wall of the esophagus and from its submucosa."® 

Spindle-cell sarcomas of the polypoid variety grow slowly and produce only 
little tissue destruction. The infiltrating and ulcerating round-cell type grow 
rapidly and may obstruct the lumen. This type may uleerate and produce 
hemorrhage, necrosis, and/or perforation. 

Metastases occur more frequently in the diffuse infiltrating type of round- 
cell sarcoma (ulcerative type). On the other hand, in the spindle-cell sarcomas 
(polypoid type) metastases are usually lacking. 

Careinosareoma is a difficult lesion to comprehend and understand. How- 
ever, such cases have been reported by Herzog,'’ Saltykow,'* Socin,'® Pratt and 
Lockyer,”” and Sokolov.?! These lesions, as suggested by Ewing,’ are probably 
undifferentiated carcinomas with a very reactive stroma and consequently are 
not included in this review. 

On July 28, 1948, two pieces of tissue were submitted to surgical pathology. 
The larger piece measured 4 by 2 by 2 mm. and the smaller 1 mm. in diameter. 
On microscopic examination, the larger piece showed esophageal mucosa with 
some inflammatory reaction. The other piece was composed of degenerated in- 
flammatory tissue in which large irregular polygonal cells were seen with deeply 
staining irregular nuclei. On this cytologic appearance, the diagnosis of a 
squamous-cell carcinoma was made. This error in biopsy diagnosis was also 
mentioned by French and Garland’ in their case. A larger biopsy from the 
lesion would perhaps have prevented this error in diagnosis. The correct diag- 
nosis of rhabdomyosarcoma was made from the resected specimen. 


DIAGNOSIS 


Although the symptoms may resemble those produced by carcinoma, certain 
differences have been noted which will be discussed presently. The most common 
symptom is dysphagia; this usually occurs early and may completely obstruct 
the esophageal lumen. This symptom progresses slowly and in the typical stereo- 
typed fashion, the patient changes the type of diet from solids to semisolids to 
liquids. As a rule the patient can accurately demonstrate at which point the 
food sticks. Salivation and regurgitation of undigested food particles have also 
been rather common complaints. Pain is usually an early symptom. Simon® is 
of the opinion that its early appearance, piercing character, and radiation be- 
tween the scapulae are characteristic. The pain in sareoma seems to appear in 
attacks which occur at night and may not be related to the intake of food. Abel?* 
believed that the pain was due to the dilatation of the esophagus above the lesion ; 
this is associated with increased muscular contractions of the organ. Cachexia 
makes its appearance early and von Eicken*! was of the opinion that this early 
cachexia was associated with loss of sleep at night. Anemia may be present 
because of the slow but constant loss of blood, or the hemorrhage may be massive 
as in Dvorak’s'? ease in which instance a black stool was reported. The con- 
dition may be confused with pulmonary afflictions or aneurysms because of the 
encroachment of the primary lesion upon the surrounding structures. 

It is difficult, however, to differentiate sarcoma from carcinoma of the 
esophagus. The following factors may be helpful although the final diagnosis is 
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made only after careful microscopic study. When the degree of wasting is out 
of proportion to the degree of dysphagia a sarcoma should be suspected rather 
than a carcinoma. Malignant appearing lesions of the esophagus in patients 
under the age of 30 years are usually sarcoma and not carcinoma. Sareomatous 
lesions have a tendency to be more polypoid and peduneculated, whereas the 
carcinomas are more infiltrative in type and irregular. The pain in carcinoma 
is most marked after eating; however, as stated, the pain in sarcoma may be 
present while fasting. The duration of the disease in sarcoma is shorter than in 
carcinoma since the former runs a more rapid and fatal course, and metastasizes 
earlier. 








Fig. 1.—Preoperative x-ray film, lateral view, of the esophagus in the case herein described. 


The prognosis of carcinoma is somewhat better than that of sareoma, since 
the latter progresses with such marked rapidity. Death is usually associated 
with starvation, and has also been reported from perforation into adjacent organs 
(mediastinitis, lung abscess, tracheal perforation, or hemorrhage). The patient 
rarely lives longer than six months after the onset of dysphagia. 


TREATMENT 


With modern advances in anesthesiology, chemotherapy, and improved sur- 
gical technique, especially following the teachings of Sweet and Garlock, surgical 
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therapy has greatly increased its scope and safety. These patients today, there- 
fore, are given a new lease on life, and if nothing else, palliative resections and 
anastomoses ean prevent a lingering death of starvation and thirst. 

Nielsen?® has attempted to treat carcinoma of the esophagus by means of 
rotatory irradiation with the patient seated. How this type of rotation x-ray 
therapy will affect sareomatous growths, which should be more radiosensitive 
than eareinoma, will only be told in the course of time. 





Fig. 2.—A photograph of the gross specimen. The polypoid appearance and the free margin 
of the tumor are readily seen. 


In 1939, Dvorak’? wrote, ‘‘the operative treatment for sarcoma in the tho- 
racic esophagus offers little prospect of success. No successful case was found 
reported.’’ In only a short span of time this statement surely has become out- 
moded. 

Unfortunately, the three other cases of rhabdomyosarcoma did not have the 
benefits of modern surgery. Our patient is alive and well one year following 
partial esophagectomy with transthoracic supra-aortic esophagogastrostomy. 


CASE REPORT 


History.—The patient, J. P., male, aged 43 years, was admitted on July 27, 1948, with 
a complaint of dysphagia and repeated vomiting for 3 months. The patient stated that he 
was perfectly well until 2 months prior to admission, when he was suddenly seized by an 
attack of vomiting after eating a rather hearty meal. Prior to this he could not recall 
having any similar attacks or difficulty in swallowing. Since the date of the first attack, 
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difficulty in swallowing progressed rapidly so that within a period of 2 weeks he could 
only swallow liquid foods, He was extremely nauseated and repeatedly vomited following 
the intake of foods and liquids. The vomitus consisted of any semisolids previously taken. 
He had dropped in weight from 135 to 124 pounds within a period of 8 weeks. He com- 
plained of marked weakness and dizziness. Four weeks prior to entrance he began to 
complain of a substernal aching which was referred to the region of the shoulders. Previous 
history revealed a rather excessive intake of alcohol over a period of many years, An 
appendectomy had been performed 8 years prior to entrance. 
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Fig. 3.—Microscopic appearance of the tumor (magnifica’ion, X150). The gradual thinning of 
the esophageal mucosa with its entire absence over the tumor is clearly demonstrated. 


Physical Examinetion.—Physical examination revealed an emaciated man with a normal 
temperature, pulse and respiration; blood pressure was 120/60. Physical findings were 
essentially normal, 

X-ray Examination.—An esophagogram revealed a filling defect in the thoracic esophagus 
slightly below the arch of the aorta. There was slight dilatation of the esophagus above 
the lesion, and only a trickle of the barium could proceed into the stomach (Fig. 1). 
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The esophagoscopist reported the appearance of a gray, piled-up, granular lesion 27 
em. from the lower alveolar margin. This bled easily. A biopsy of this tissue was reported 
as squamous-cell carcinoma of the esophagus. (This has been commented upon previously.) 

Although the patient’s mechanical symptoms were well marked, he maintained a red 
blood cell count of 4,190,000. The patient was prepared for surgery by means of proper 


protein, blood, electrolyte, water, and vitamin balance. 


Fig. 4.—Microscopic appearance of the tumor (magnification, X250). Note the pleomorphic 
structure of the cells with giant forms denoting its striated muscle-cell origin. 


Treatment.—The patient was operated upon on Aug. 4, 1948, by one of us (P. T.), 
utilizing a standardized technique of supra-aortic esophageal resection.68 The incision ex- 
tended from the sixth costal cartilage anteriorly over the sixth rib and then up along the 
vertebral border of the scapula to the level of the third rib posteriorly. The sixth rib was 
resected subperiosteally, and the fourth, fifth, and seventh ribs were divided posteriorly. This 
gave ample exposure to the left thoracic cavity. The inferior pulmonary ligament and 
mediastinal pleura were incised. The esophagus was freed from the arch of the aorta to 
the diaphragm by severing its aortic and inferior phrenic blood supply. The lesion was 
freed from the surrounding structures below the arch of the aorta. This was accomplished 
by blunt dissection. The left hemidiaphragm was opened from the esophageal hiatus 
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radially toward its peripheral attachment. The stomach was mobilized by severing and 
ligating the left gastroepiploic artery, the vasa brevia, and the left gastric artery. The 
blood supply to the stomach was well maintained by the right gastroepiploiec and the right 
gastric arteries which remained intact. The supra-aortic mobilization of the esophagus 
was accomplished by incising the pleura immediately behind the left subclavian artery. 
The esophagus was then severed at the gastric cardia. The open stomach end was closed 
and inverted by two layers of sutures. The opposite end of the esophagus was tied off. 


Fig. 5.—One year postoperative x-ray film, anteroposterior view, of the same patient, showing 
a well-functioning intrathoracic esophagogastrostomy. 


The completely mobilized esophagus was readily removed from its mediastinal bed and 
brought over the arch of the aorta. The mobilized stomach was now displaced high into 
the thoracic cavity, passing between the pulmonary hilum and the arch of the aorta. 
Partial esophagectomy was performed followed by a supra-aortie esophagogastrostomy 
using two layers of sutures. A Levine tube passed through the nose remained in the 
stomach with constant suction attached. The pleural cavity was drained through an 
incision in the ninth intercostal space, and the catheter placed under water-seal drainage. 
The wound was closed in the conventional manner. The operation lasted 3 hours and 50 
minutes, and 1,500 ¢.c. of blood was used throughout the procedure. 

Pathologist’s Report.—Macroseopic specimen: On Aug. 4, 1948, a portion of the esoph- 
agus was submitted to the laboratory. It measured 7 em. in length and 3 em. in diameter. 
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The surface was smooth. On opening into the lumen a mass presented itself having a pear 
or tonguelike shape. It was slightly polypoid in character and measured 34% by 2% by 
2 em. (Fig. 2). The surface showed an absence of mucosa and was a dirty brown gray. 
The mass was firm in consistency, the edges raised and rolled. The mucosa of the esophagus 
below and above the lesion was pinkish tan and smooth. The thickness of the esophageal 
wall was 9 mm. On sectioning through the tumor mass it was 2 em. in thickness and 
gray tan. 

Microscopic description: The squamous epithelium adjoining the tumor showed a 
gradual thinning out to complete absence over the tumor (Fig. 3). The tumor itself was 
composed of elongated large cells. The nuclei were irregular and hyperchromic. Many 
mitotie figures were seen. There was a marked pleomorphism of the cellular elements 





Fig. 6.—The patient one year after surgery. 


and connective tissue stains revealed prolongations of cytoplasm with the stroma (Fig. 4). 
Some cells were giant types with large irregular deeply staining nuclei. Cross striations 
were not found with various staining techniques. A diagnosis of myogenic sarcoma was 
made with the histologic picture of a rhabdomyosarcoma, 

The same specimen was submitted to the Army Institute of Pathology in Washington. 
They stated that ‘‘this lesion is undoubtedly a myosarcoma and that the most likely possi- 
bility is a rhabdomyosarcoma. We are coding the case under this diagnosis and will con- 
sider this our final diagnosis.’’ After careful consultation, one of us (B. N.) coneurred 
in this diagnosis, and felt that there was no room for doubt. 
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Glinski!! and other investigators have stated that cross striations in the voluntary 
muscle-cell tumors are very difficult to demonstrate and many times cannot be found, 
especially when the tumor process is very undifferentiated. 

An additional point of interest in this particular case is the presence of a striated 
muscle-cell tumor in a smooth muscle zone. To explain this is difficult and one ean only 
theorize in that this was either a metaplasia or an embryonic arrest. 

Postoperative Course.—The postoperative course was stormy for the first 2 days; how- 
ever, following this it was quite uneventful. Both the Levine tube and the thoracie catheter 
were removed on the third postoperative day. The patient was permitted to walk at this time. 
Liquid feedings were started on the fourth postoperative day, and he was discharged on 
the sixteenth postoperative day. A very thorough course of postoperative x-ray therapy 
was outlined for the patient. He had one treatment; he refused to return for future x-ray 
therapy. His radiation therapy, therefore, cannot be considered as part of the postopera- 
tive treatment. 

The postoperative roentgenogram taken one year following surgery revealed a well- 
functioning esophagogastrostomy (Fig. 5). 

It is now a little over one year since this patient was operated upon. He has gained 
thirty pounds and is back at work, performing his usual duties and enjoying a full diet 


(Fig. 6). 


SUMMARY 


1. The subject of rhabdomyosarcoma of the esophagus is discussed, and a 
review of the literature is presented. 

2. A ease is herein described in which a striated muscle malignant neoplasm 
was found to be present in a zone of the esophagus where normally only smooth 
muscle is situated. Theories explaining this are discussed. 


3. This is the first known ease in the world literature in which a rhabdo- 
myosarcoma of the esophagus was successfully removed. The patient is alive 
one year following surgery. 
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EFFECTIVENESS OF DROMORAN (3-HYDROXY-N-METHYL 
MORPHINAN*) AS AN ANALGESIC IN THORACIC SURGERY 


PRELIMINARY REPORT 


A. R. Currert, M.D., J. W. GALE, M.D., anp H. A. Dickre, M.D., 
Mapison, WIs. 


HIS clinical study was undertaken to evaluate the analgesic effectiveness of 

Nu-2206 and compare it with others commonly employed for this purpose. 
The need for better analgesia is universally recognized since drugs presently 
prescribed often only partially control pain (demerol), frequently create unde- 
sirable side reactions as nausea, vomiting, respiratory depression, ete. (mor- 
phine), and are frequently short acting. 

Following thoracie surgery the desirability of complete pain relief is of 
even greater importance. Here the wide division of muscles and pleural irrita- 
tion sets up such intense pain that the patients find it difficult or impossible to 
perform the routine stir-up regimen. Their inability to cooperate may lead to 
atelectasis. In order to avoid such complications it is not uncommon to observe 
the nurses on a thoracie service forcefully and vigorously putting patients 
through the stir-up exercises of deep breathing, turning them from side to side, 
and encouraging coughing and expectoration. Any analgesic permitting freedom 
from pain, and at the same time having a minimum of undesirable side effects, 
would be of inestimable value to both patients and thoracic teams. 

Nu-2206 is a synthetic morphinelike drug with a chemical formula of 
3-hydroxy-N-methylmorphinan-hydrobromide.’ Its close chemical relationship 
to morphine is readily observed in Fig. 1. It is a colorless, crystalline material 
readily soluble in water and alcohol. Pharmacologically, other workers have 
shown in mice and rats that Nu-2206 has a wide range of safety between its 
effective analgesic dose and the minimal lethal dose (Therapeutic Index).? In 
this respect it compares less favorably than dilaudid, favorably with morphine, 
and is superior to amidone and demerol. In man the effective dose for pain 
relief has been shown to be 5 mg. However, individuals without pain may de- 
velop marked respiratory depression with as little as 3 mg. This consideration 
must always be kept in mind before the drug is administered. 

Pain relief can be determined either by checking directly with the patient 
the duration and amount of analgesia, or by obtaining from the nurses’ records 
the daily number of hypodermics. The latter approach is undesirable and in- 
accurate for several reasons. First, unless requested by the medical staff a 
nurse in our hospital is in no position to offer a narcotic in less than 3 or 4 
hours. During this period the patient may have little or no pain relief. Second, 
since some patients can tolerate a certain amount of pain for a period beyond 
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4 hours, the nurses withhold hypodermies until requested. Thus, a considerable 
discrepancy may exist between the period of actual pain relief and the interval 
between administration of hypodermies. Actually, in many instances, intervals 
of three to four hours were noted between the time of pain recurrence and the 
need for a hypodermic. In order to avoid errors patients were questioned as 
to the duration and extent of pain relief. 

In addition to pain relief, patients were also observed for their ability to 
cough and expectorate easily and effectively, breathe deeply, and turn their 
body without pain. Complications were recorded. There was but one ease of 
atelectasis in this entire series. Unquestionably; more would have developed 
had those individuals with minimal or no pain relief been spared from active 
routine stir-up regimen. In such cases this regimen was performed despite 
protestations of the patient. Finally, any change in judgment or insight was 
noted. 
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Fig. 1.—Showing close structural relationship between Nu-2296 and morphine. 


Our study ineluded a total of 67 patients. Fifty-seven cases had single- 
stage surgical procedures which included pulmonary resections, decortications, 
coarctations of the aorta, patent ductus arteriosus, and thoracoplasties. Ap- 
proximately one-half (28 cases) received 5 mg. of Nu-2206 while the other one- 
half received 75 to 100 mg. of demerol (17 cases) and %4» grain of dilaudid 
(12 eases). In 10 other eases where two-stage thoracoplastics were performed 
an excellent opportunity prevailed to compare Nu-2206 to other drugs. Thus, 
5 of these received Nu-2206 following the first-stage thoracoplasty and one or 
the other drug following the second stage. The other 5 patients received demerol 
or dilaudid following the first stage, and Nu-2206 following the second stage. 
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TABLE [ 
TOTAL ADMIN- 
NUMBER OF CASES NU-2206 DEMEROL DILAUDID ISTRATIONS 
57 Single-stage procedures 28 17 12 57 
10 Two-stage thoracoplasties 
Ist stage 5 3 2 10 
2nd stage 5 2 3 10 
Total 67 38 22 Li 77 





Demerol was disappointing. It proved quite ineffective in overcoming post- 
operative pain. From Fig. 2 one can anticipate minimal to moderate pain re- 
lief for 2 to 3 hours in the majority of instances. Only rarely will the drug 
be effective for as long as 5 hours. As a rule the patients cough, breathe deeply, 
and expectorate ineffectively and with marked difficulty. Their movements from 
side to side are guarded and performed with considerable misgiving. Nurses 
devote considerable time to these patients, prodding them through their routine 
exercises. Some typical responses from many patients were: ‘‘No relief from 
hypo,’’ ‘‘not much relief,’’ ‘‘can’t move because wound will break open,’’ ‘‘ poor 
pain relief.’ The nurses objected not only because of the considerable time 
element involved in stir-up exercises, but also because their persuasion methods 
appeared cruel. Statements taken from nurses’ notes were: ‘‘Coughing and 
deep breathing must be foreed,’’ ‘‘ patient uncooperative for stir-up regimen,”’ 
‘‘eannot or will not cooperate in turning or expectorating,’’ ‘‘uncooperative in 
turning, deep breathing, coughing and forceful persuasion is necessary.’’ Only 
once was a good report found: ‘‘Cooperative; good pain relief throughout ad- 
ministration. ’’ 

Except for 1 ease of atelectasis, no other noteworthy complication was 
noted. Confusion was seen for 36 hours in 1, and nausea and vomiting within 
the first 48 hours postoperatively in 4 patients. 

In general, dilaudid was superior to demerol, producing moderate to com- 
plete analgesia for 3 to 314 hours (Fig. 3). During the period of analgesia the 
patient’s apprehension disappeared and was replaced by a feeling of relaxation, 
which rarely occurred with demerol. Furthermore, the routine stir-up exer- 
cises were accomplished with relative ease. In the 12 patients studied, the only 
complication noted was nausea and vomiting for 48 hours postoperatively in 
1 patient. 

Nu-2206 proved to be an extremely effective analgesic with a longer period 
of action. Average analgesia was for 7 hours, representing approximately twice 
the duration of dilaudid and three times that of demerol (Fig. 4). As a rule, 
pain relief was complete and patients cooperated readily in undertaking their 
exercises. Patients with previous experiences in other pain relieving drugs fol- 
lowing chest surgery emphasized this drug gave faster, longer, and more com- 
plete relief than any other they had received. Actually, if the duration and ex- 
tent of analgesia provided by demerol and Nu-2206 were plotted, the resulting 
rise of the curves would be at opposite ends. In demerol the height of the curve 
is early and drops immediately, whereas in Nu-2206 the curve is highest at a 
late period. The curve produced by dilaudid would be between the two. 
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Nu-2206 is effective within 10 to 30 minutes following administration. The 
return of pain is gradual so that patients frequently are able to tolerate the dis- 
comfort for an additional 2 to 4 hours before requesting another hypodermic. 
This prolonged and complete analgesia not only aided in preventing complica- 
tions because of the patients’ cooperation but it also saved considerable time for 
the nursing staff. This timesaving factor is significant with the present nursing 
shortage. 
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Fig. 2.—Note short duration and ineffective pain relief from demerol. 
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Fig. 3.—Dilaudid offers effective pain relief for 3 to 3% hours. 


Two eases suffering from inoperable cancer of the lung with invasion into 
the posterior chest wall serve to demonstrate the effectiveness of Nu-2206. For 
a period of 6 to 10 weeks both patients had been receiving morphine sulfate, 
4 to 14 grain, every 2 to 3 hours with little to moderate pain relief. Nu-2206 
produced complete relief for 6 to 8 hours. The alleviation of pain was so 
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dramatic that the patients felt the drug had curative powers. This feeling of 
well-being or euphoria was observed in all but 2 cases. This euphoria was un- 
like that seen with morphine, for these patients had excellent judgment and 
good insight. 
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Fig. 4.—Demonstrates long action of Nu-2206. 


Another ease, which was not ineluded in this series because it was not within 
the scope of this study, is cited because of its interest and value. A 55-year-old 
dentist, a brother of a physician, suffering from malignant hypertension, en- 
cephalopathy, and chronic passive congestion of the lungs, complained of 
dyspnea, apprehension, and extreme nervousness. <A trial of demerol and prac- 
tically all barbiturates produced either marked excitement or depression. He 
had not slept for 8 days when his brother suggested a trial of Nu-2206. The 
physician was cognizant of the fact that since no pain was present a respiratory 
depression might ensue. For the first time in 2 months the patient slept 8 hours. 
Following the injection of another 5 mg. the next morning the relief was so 
great that he was certain the vicious spasm was broken and a cure might result. 
Nu-2206 continued to relieve him for 8 to 10 hours until he died 2 weeks later. 

A word of caution must be interjected at this point. This drug has an 
action similar to other narcotics, producing respiratory depression if no pain is 
present. The following case exemplifies this situation. A highly excited patient 
without pain was given 5 mg. of Nu-2206 and the respiratory rate promptly 
dropped to 8 per minute for a 4-hour period. Had comparable doses of mor- 
phine or dilaudid been given, we believe a similar picture might have occurred. 
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Complications observed with the use of Nu-2206 in 28 patients were as 
follows: One patient was confused, lethargic, nauseated, and vomited for the 
first 36 hours. Two patients had nausea and vomiting which could be attributed 
to the drug, and 1 had a drop in respiratory rate to 14 per minute. At no time 
did such disturbing untoward effects as leucopenia, sensitivity reactions, or 
shock develop. Four patients received Nu-2206 from 4 to 8 weeks, and in only 
1 instance was increasing tolerance to the drug entertained but not proved. In 
this same group 1 died from malignancy, while the other 3 developed neither 
withdrawal symptoms nor a desire for its continued use after the drug was 
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Fig. 5.—Comparison of Nu-2206 with demerol and dilaudid in first- and second-stage thoraco- 
plasties. 





The advantage of Nu-2206 over demerol and dilaudid was, in our opinion, 
definitely shown in instances where two-stage thoracoplasties were performed. 
Those receiving Nu-2206 following first-stage thoracoplasty received average pain 
relief for 6 to 8 hours, while demerol and dilaudid aided for 214 to 31% hours. 
Following the second-stage thoracoplasty, at which time the pain is more in- 
tense and more difficult to control, demerol at best only partially controlled the 
pain for to 2 to 2144 hours. Dilaudid was somewhat better, producing moderate 
to complete relief for 3 to 344 hours, and Nu-2206 gave practically complete 
relief from 5 to 7 hours (Fig. 5). 
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SUMMARY 


1. While the number of cases studied is small, the results definitely demon- 
strate the superiority of Nu-2206 over demerol and dilaudid. 

2. Demerol should not be employed alone for pain relief in thoracic lesions. 
Its action is short and the extent of relief is minimal. Preferably it should be 
combined with some other agent, such as codeine. 

3. Dilaudid proved quite efficacious for short periods of time. 

4. Nu-2206 offered pain relief for a longer period of time, averaging twice 
and three times as long as dilaudid and demerol, respectively. 

5. The extent of pain relief from Nu-2206 was moderate to complete in this 
series. 

6. The effective and prolonged action of Nu-2206 provides the nursing staff 
with more time for other necessary duties. It makes unnecessary the highly un- 
desirable, forceful persuasion so frequently required with other analgesics for 
stir-up exercises. 

7. It has been shown elsewhere that because it has a wide margin of safety 
Nu-2206 is a safe drug to use clinically. 

8. This small series demonstrated no unusual side effects and the incidence 
of nausea and vomiting was no greater than with demerol or dilaudid. 

9. In the presence of pain the administration of Nu-2206 will not produce 
respiratory depression. 

10. The small number of cases in which this drug was used over a pro- 
longed period preclude a definite statement regarding the development of toler- 
ance. However, the drug was used successfully in patients developing a toler- 
ance and addiction to morphine. These patients did not develop withdrawal 
symptoms nor show a desire for continued use of Nu-2206 when the drug was 
stopped. 

11. For many of the preceding reasons this drug is desirable for minimizing 
pain in inoperable carcinomas. 

12. In our opinion, Nu-2206 has a real place in the control of pain due to 
thoracic lesion. 

Note.—We have just been notified that the Bureau of Narcotics of the Department 
of the Treasury has reported that Dromoran is to be labelled as an addiction-forming or 
an addiction-sustaining liability drug similar to morphine and as an opiate. We have no 
reason to challenge this decision. It will probably become effective on or about Feb. 20, 1950. 
This means, consequently, that all clinicians and others who are requesting Dromoran from 
us must be asked to order their supplies after February 20, accompanied with the usual 
Federal Order Form for Narcotics.—Hoffmann-La Roche, Inc. 
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PULMONARY HISTOPLASMOSIS: REVIEW OF PUBLISHED CASES 
AND REPORT OF AN UNUSUAL CASE 
CorrIN H. Hopason, M.D.,* Lyte A. WEED, M.D.,+ AND 
O. THERON CLAGETT, M.D.i 
RocHESTER, MINN. 


N RECENT years histoplasmosis has been much discussed particularly by 
physicians interested in thoracic diseases. Yet, the number of proved cases 
remains small and knowledge concerning this disease is limited. 

In March, 1948, we saw a patient whose illness we thought to be due to 
an infected pulmonary eyst. Right lower lobectomy was performed, and the 
pathologist made the diagnosis of histoplasmosis which was subsequently econ- 
firmed by culture. We were somewhat surprised as the patient presented none 
of the clinical characteristics commonly attributed to this disease. Therefore, 
we undertook to review all the published cases of histoplasmosis in order to 
assimilate available information with particular reference to the pulmonary 
aspects of the disease. It is this information as well as a report of our ease 
that we are presenting herein. 

We were able to find 123 cases of histoplasmosis recorded in the literature 
up to 1949. In 62 of these we considered pulmonary involvement proved. This 
article will deal primarily with these 62 cases but first of all a few comments 
on the entire group of 123 cases seem desirable. 

We found that the age of the patients ranged from 714 weeks to 77 years 
and, interestingly enough, about one-sixth of them were less than 1 year of age. 
Male patients outnumbered the female by more than 2:1. These patients lived 
in twenty-five different states of the union and seventeen foreign countries em- 
bracing much of the world but, unquestionably owing to more intense interest 
here than elsewhere, the United States accounted for more than three-fourths 
of them. 

Nearly two-thirds of these patients had significant anemia and a like num- 
ber leucopenia. Cultures to recover the organism seemed to have a high degree 
of reliability. In 60 cases one or more cultures were made, and Histoplasma 
capsulatum was recovered from at least one culture in 53 of them. Material 
from 16 patients was inoculated into animals. In only 8 of these was the or- 
ganism recovered. 

One-half of the 24 patients who were tested with histoplasmin were found 
to be nonreactors. When we considered this high percentage of nonreactors 
among those who have the disease, plus the fact that a large number of the 
normal population are positive reactors we concluded that the test in its pres- 
ent form is without value to the clinician. It may, however, be of importance 
to the epidemiologist. The complement fixation and preeipitin reactions are un- 
reliable procedures because of cross reactions with other organisms. 

Received for publication Oct. 14, 1949. 
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No satisfactory treatment for histoplasmosis has yet been found although 
many different medicaments have been given a trial. 


PATHOLOGIC ASPECTS 


In 90 of the 123 eases necropsy was conducted. From observations in these 
90 cases it is known that the most frequently involved organs in order of fre- 
queney are the lymph nodes, liver, lungs, spleen, adrenal glands, intestines, 
bone marrow, kidneys, and oropharynx. 

Histoplasmosis of the lungs does not have any specific histopathologic 
features. In the lungs the lesions are usually curious mixtures of necrosis, exu- 
dation, and proliferation. The necrotic material seldom liquefies but liquefaction 
has been found to oceur in a few instances. The exudate usually is composed 
of polymorphonuclear cells and lymphocytes. The proliferation is usually a 
mixture of fibroblasts and tissue macrophages. The latter are likely to contain 
the organisms englobed in the cytoplasm. In such eases the appearance is fairly 
characteristic and may be the clue to the diagnosis. In some instances the 
diagnosis has been confused with toxoplasmosis, leishmaniasis, and cryptococcosis. 
In some cases the organisms may not be demonstrable in histologic sections but 
may be demonstrated only by culture. There is evidence that the lesions tend 
to become calcified within a few months if healing occurs. The lesions may be 
single or multiple. In the lung they may be in any portion and the regional 
lymph nodes may or may not be involved. If the lesion is near the periphery of 
the lung there may be pleural effusion. Thus, the pulmonary lesions may give 
clinical manifestations closely simulating those of tuberculosis. 

The lesions in other viscera do not differ fundamentally from those found 
in the lungs. From the reported eases it is evident that histoplasmosis may in- 
volve any organ or tissue either individually or collectively. In some cases only 
one organ is involved, and the condition is discovered incidentally at necropsy, 
while in other cases there is extensive involvement of every organ and tissue 
of the body. Histoplasmosis was found to be associated with tuberculosis in 13 
of the 123 reported cases, with Addison’s disease in 6, Hodgkin’s disease or 
lymphoblastoma in 4, diabetes mellitus and syphilis in 3 cases each, and leucemia 
in 2. The amount of necrosis varied. Liquefaction is not the rule but may ocea- 
sionally oceur, especially in the adrenal glands and in the periarticular, sub- 
mucosal, and subcutaneous tissues. The lymph nodes and spleen may or may 
not be involved. If a local lesion is near the surface, either of the skin or 
mucous membrane, it is likely to uleerate and the ulcer tends to become chronic. 
In a recently developed lesion the organisms are usually present in large num- 
bers and ean be demonstrated by histologic examination of specimens. In older 
lesions the organisms may not be demonstrable in histologic preparations so cul- 
tures may be necessary to prove their presence. In ulcerative lesions the his- 
tologie pattern may be altered according to the degree and kind of secondary 
infection. The ulcerative lesions have no gross diagnostic characteristics and 
have been found to occur on the neck, face, hands, vulva, anus, penis, lips, 
buceal mucosa, alveolar ridge, tongue, palate, pharynx, larynx, esophagus, and 
intestine. 
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PULMONARY LESIONS 


From this point on our discussion will be limited to the 62 cases in which 
we considered pulmonary involvement by H. capsulatum definitely proved. In 
order to avoid any erroneous assumptions, only those cases were accepted for 
this group in which involvement of the lung was proved by one of the following 
means: visualization of the organisms in histopathologic sections of the lung, 
bronchi, or peribronchial lymph nodes; culture of the organisms from pleural 
fluid; culture of the organisms from sputum or gastric material if no oropharyn- 
geal lesions were present from which the organisms may have come. Un- 
doubtedly a number of cases of pulmonary involvement were excluded by ad- 
herence to these restrictions. 

Of the 62 patients, 41 were males and 19 females and for 2 the sex was not 
reported. The age of these patients varied from 714 weeks to 72 years. Fifteen 
were less than 1 year of age. 

A list of symptoms associated with pulmonary lesions in these cases is re- 
corded in Table I. Cough was the most common respiratory symptom and was 
recorded in 27 of the 62 cases. Physical examination of the chest demonstrated 
findings to correspond with the various underlying lesions, but in many cases 
nothing abnormal was noted. 


TABLE I. SYMPTOMS ASSOCIATED WITH PULMONARY LESIONS IN 
Srxty-Two CASES OF HISTOPLASMOSIS 








| CASES CASES 


J 


Fever 52 Sweats 13 
Loss of weight 29 Pain in chest 9 
Cough 27. ~~: _~=«S| Expectoration 6 
Weakness 18 Hoarseness 

Dyspnea 15 Hemoptysis 

Chills 13 Cyanosis 








Roentgenograms of the thorax were made of 45 of these 62 patients, and 
for 8 they were reported.as negative for disease. Of the 37 patients whose 
roentgenograms revealed positive evidence of disease, 30 of them had bilateral 
disease. Twenty of these 30 had widespread involvement of all regions in both 
lungs. Any attempt to correlate the written description of pulmonary lesions 
as given by various roentgenologists is hazardous at best, but we can interpret 
their statements well enough to classify the findings rather roughly. Some pa- 
tients had lesions of more than one description, therefore, the number of cases 
does not check correctly with the total number. In the largest group, 17 cases 
in number, the roentgenograms were described variously as indicating ‘‘bron- 
chitis,’’ or ‘‘peribronchial infiltration,’’ or merely as showing ‘‘inereased bron- 
chovascular markings.’’ In another group of 16 cases they were described as 
showing localized areas of infiltration or bronchopneumonia. In 5 eases they 
showed evidence of pneumonie consolidation or the ‘‘pneumonitis’’ type of 
picture. In 3, generalized miliary involvement was the roentgenologie diagnosis. 
In 3 others there was evidence of definite nodules, either discrete or conglom- 
erate, In only 4 cases were the lesions distributed so that they resembled the 
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reinfection type of tuberculosis in the apical regions. To summarize then, we 
can say that there is no characteristic roentgenographie pattern for histoplas- 
mosis of the lungs. The lesion seldom shows cavitation, may be associated with 
calcification, infrequently resembles tuberculosis, and in only about one-third 
of the cases does it have the pattern which is ordinarily considered characteristic 
of fungus infections, that is, peribronchial infiltration extending radially out- 
ward from the hilar region. Further data on this statement concerning calei- 
fication and cavitation will be considered next. 

Although necrosis of pulmonary lesions is common, cavitation seems to be 
unusual. We could find only 3 cases in which cavities were found and in 
only 1 of these was the cavity definitely proved to be caused by H. capsulatum.' 
In 1 case? the cavity was probably due to tuberculosis, and the third patient* 
is still living and therefore, the cause of cavitation remains unproved. Calei- 
fication was associated with pulmonary histoplasmosis in 8 of these 62 cases. 
Much interest has been aroused in the work of recent years which shows a high 
degree of correlation between pulmonary ealeification and positive results from 
skin tests with histoplasmin on persons who have negative reactions to tubereu- 
lin. This work gives strong circumstantial evidence that histoplasmosis does 
eause pulmonary calcification, but only recently has the absolute proof been 
established. Christie and Peterson‘ found ealeifying hilar and parenchymal 
lesions during necropsy and obtained H. capsulatum from these lesions on cul- 
ture. Thus, they proved for the first time what had been thought to be true for 
several years. Bunnell and Furcolow® previously presented rather convincing 
evidence of the same circumstance in one of their case reports. 

In eases of pulmonary histoplasmosis, cultures of sputum, pleural fluid, 
and gastrie material should give a high percentage of positive results. Unfor- 
tunately, this was attempted in only a very few of these cases. However, the 
diagnosis was established by positive culture of gastric material in the case of 
2 patients, and of sputum in 2 others. 

It is interesting that the diagnosis was definitely established before death 
in 23 of the 62 cases of pulmonary histoplasmosis. Five of these patients were 
still living at the time their cases were reported. The longest survival time 
reported after diagnosis was two years, and the patient was still living at the 
time of the report. 

REPORT OF CASE 


The patient, a man 36 years old, who lived near the Mississippi River in Towa, was 
admitted to the Mayo Clinic March 3, 1948. His wife and three children were living and 
well. Medical history was not significant except that in 1937, a roentgenogram of the 
thorax was taken in the course of an employment examination and he was told that he had 
two lesions in the lower part of the right lung. This was again noted in 1942, when he was 
rejected by the draft board because of the pulmonary lesion. 

The patient remained asymptomatic, however, until Dec. 24, 1947, when he expectorated 
blood, about 4 or 5 tablespoonfuls (60 to 75 ¢.c.). Although he felt well, he consulted his 
physician who took a roentgenogram of the thorax and noted a mass the size of a grapefruit 
in the lower part of the right lung. Sputum was said to contain pneumococci, and penicillin 
and streptomycin were prescribed. On Jan. 9, 1948, bronchoscopic examination was performed 
and foul-smelling coffee-colored pus was aspirated from an indurated right lower lobe 
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bronchus. After this procedure the patient coughed up approximately 1 cupful of sputum 
per twenty-four hours. Bronchoscopic examination was repeated Jan. 19 and Jan. 30, 1948. 
Radiopaque oil was instilled into the bronchi at the time of bronchoscopic examination on 
January 30. Following this third bronchoscopic examination the patient raised a large 
amount of pus and coffee-colored material, estimated by the patient to be about 1 quart 
(1,000 ¢.ec.). After a fourth bronchoscopic examination on Feb. 18, 1948, the color of the 
sputum changed to pink. During this time the patient’s general condition remained good 
and he had a good appetite. Temperature usually rose each day to a maximum of 99° to 
100° F. He lost between five and ten pounds (2.8 to 4.5 kilograms). Two days before 
admission to the clinic rather sharp shooting pains developed through the right lower part 
of the thorax. Before admission to the clinic he had been given penicillin and streptomycin 
on several occasions but the amount and duration of this treatment we do not know. It had 
no apparent effect on the illness. 


Fig. 1.—The thorax on March 4, 1948, before operation. 


At the time of admission to the clinic, March 3, 1948, the patient appeared well in spite 
of the rather prolonged illness. On examination the blood pressure was found to be 114 mm. 
of mercury systolic and 60 diastolic. The pulse rate was 76 beats per minute, and temperature 
was 99° F. Numerous rales were heard over the right lower portion of the thorax posteriorly, 
but the examination otherwise gave negative results. No hepatosplenomegaly was present. 

Laboratory studies were reported as follows: The urine was normal. The concentration 
of hemoglobin was 12.8 Gm. The erythrocyte count was 4,610,000 per c.mm. of blood. The 
leucocyte count was 7,700 of which 10 per cent were lymphocytes, 11 per cent monocytes, 
and 79 per cent neutrophils. The sedimentation rate was 42 mm. in one hour by the Wester- 
gren method. Flocculation test for syphilis gave negative results. No acid-fast bacilli 
were seen on direct examination of the sputum but gram-positive cocci and an organism which 
was suspected of being Candida albicans were noted. The sputum was cultured for tuberculosis 
and the culture was subsequently reported to be negative for these organisms. Cultures 
of the sputum for fungi also were inoculated on culture media at the time of admission and 
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were later reported to be positive for H. capsulatum but this report was not available until 
several days after operation. Roentgenograms of the thorax (Fig. 1) showed a large thick- 
walled cystic lesion with a fluid level in the upper portion of the right lower lobe. Roentgeno- 
grams made with the patient lying down on his side demonstrated free fluid in the cavity. 
There was also an irregular collection of radiopaque oil in the right lower lobe. The 
roentgenologist interpreted these findings as probably representative of an infected pulmonary 


eyst. 





Fig. 2.—The cut surface of the mass removed. The grayish white area in the upper portion 
was dry and crumbly. The cut portions of the multilocular cavity should be noted also. A small 
isolated subpleural nodule of histoplasmosis is shown in the lower left portion of the photograph. 


A preoperative diagnosis of infected cyst of the lung was made. On March 6, 1948, 
three days after admission, a right lower lobectomy was performed by one of us (O. T. C.). 
The pathologist* made the diagnosis of histoplasmosis. The lesion was a firm, almost 
spherical, grayish white mass measuring 9 by 7 by 4 em. (Fig. 2). In eross section it 
appeared to have a fungating center suggesting that there had been enough necrosis to give the 
semblance of a cavity. The cut surface was dry, crumbly, grayish white with streaks of 
lighter gray tissue indicative of extensive fibrosis. Contained within the larger mass was a 
second smaller mass of similar color and consistency but sharply outlined by a dense 
grayish white band of firm tissue. In addition, in the adjacent parenchyma of the lung, 
there were three smaller, grayish white, sharply circumscribed nodules 2 to 3 em. in diameter 


*Dr. J. R. McDonald. 








ee 


Presi bin neec In 














SHRM NE 





HODGSON ET AL.: PULMONARY HISTOPLASMOSIS 103 


with crumbly necrotic centers resembling old abscesses. Cultures and smears from each of 
these lesions revealed H. capsulatum (Fig. 3). No other organism was found on culture or 
animal inoculation. 

Histologic sections of the granulomatous masses showed varying degrees of necrosis 
and fibrosis with infiltration of lymphocytes, plasma cells, and various tissue phagocytes 
containing H. capsulatum. One interesting feature was the presence of the organisms within 
the cytoplasm of the fibroblasts. Attention has previously been called to the presence of 
the organism in cells of the adrenal cortex and liver cells. The presence of the organisms 
in tissue cells suggests the possibility of an invasive capacity on the part of the organism 
rather than a phagocytic capacity on the part of the cells. Cultures of the sputum after 
operation failed to reveal the organisms, and cultures of the blood and urine also were 
negative for this organism. 


a 


Fig. 3.—Histoplasma capsulatum in phagocytes. Wright stain of an impression smear from 
the cut surface of the lesion shown in Fig. 2 (x 1,500). 


Skin tests were performed in the postoperative period with the following results: 
0.0001 mg. of tuberculin (P. P. D.) gave a positive reaction of 2+; coccidioidin and Blasto- 
myces vaccine gave negative results and histoplasmin a doubtfully positive result. 

The patient was up on the fourth day after operation and left the hospital on the tenth 
day. He was last heard from in March, 1950, two years after operation, at which time he 
was examined by his local physician who reported that the patient had no symptoms, was 
working eight hours a day as a carpenter, and a roentgenogram of the chest revealed that 
hoth lungs were entirely clear. 


It would not be wise to predict the ultimate outcome for this particular 
patient. It is well known that histoplasmosis may be present for years without 
serious consequences and yet ultimately prove fatal. Perhaps some latent focus 
may come to light in the future. On the other hand there is good reason to be- 
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lieve that some patients do recover completely from this infection and as our 
knowledge of the disease expands we can expect to see more who go on to re- 
covery. 

In considering this case in retrospect we have asked ourselves whether we 
would have recommended exploration of the thorax if we had known that this 
patient suffered from histoplasmosis. Perhaps we would not, but at least in this 
particular case this treatment seems to have been satisfactory. However, the 
nature of the disease and its tendency to disseminate would suggest that the 
disease in only the rarest of cases will be amenable to any form of surgical treat- 
ment. In the literature we found a report of only I case of histoplasmosis in 
which pulmonary resection was carried out.® In that case, lobectomy was per- 
formed because of massive pulmonary hemorrhage. H. capsulatum was not 
found in the lobe removed either by microscopic study of the tissue or by culture 
even though the patient had proved histoplasmosis elsewhere in the body. 


ADDENDUM 


Since submitting this article we have performed lobectomy for histoplasmosis on an 
additional patient, a woman from Illinois who was 35 years old. The only evidence of dis- 
ease was found in the right upper lobe of the lung. Sputum cultures had been reported 
positive for Histoplasma capsulatum before the patient came to the Mayo Clinic and this 
finding was confirmed at the clinic. Right upper lobectomy was performed on Nov. 15, 1949. 
The pathologist reported chronic granuloma with cavitation but no organisms were seen in the 
histologic sections. Cultures of the specimen were positive for H. capsulatum. The patient 
was living and well in mid-March, 1950, four months after lobectomy. A roentgenogram 
of the thorax at that time showed no evidence of a pulmonary lesion. 
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PARTIAL PERICARDIECTOMY IN A CASE OF HEMOPERICARDIUM 
DUE TO NONPENETRATING TRAUMA 


ALEXANDER E. W. Apa, M.D., OSWALp R. JONES, M.D., AND 
ARCHIBALD ID, SHEERAN, M.D., NEw York, N. Y. 


HE occurrence of hemopericardium due to nonpenetrating trauma is a rare 

condition, and a search of the literature fails to reveal a single instance in 
which pericardiectomy has been employed as a primary surgical therapeutic 
measure.!. In a comprehensive discussion of the etiology of acute hemoperi- 
cardium, Fulton? listed trauma of the penetrating variety as one of the most 
frequent causes but did not specify nonpenetrating injuries as an etiological 
factor. In 1940, Warburg*® at Copenhagen collected from the world literature 
a total of 261 cases of myocardial or pericardial damage due to nonpenetrating 
blunt injuries. In at least sixty cases there was pericardial involvement with 
either effusion or hemorrhage. He noted that pericardiocentesis was rarely 
necessary and cited only one case (Moullen, 1897) in which a large amount of 
fluid was removed by pericardiotomy. 

CASE REPORT 

The case which is to be reported here is that of a 29-year-old businessman, S.S., who was 
admitted to Doctors Hospital on March 11, 1948, for further evaluation of a proved pericardial 
effusion. The diagnosis had been established three months previously at the Jewish Memorial 
Hospital. He was first admitted to the latter hospital on Dec. 5, 1947, with a two weeks’ his- 
tory of dyspnea and chest pain, both aggravated by exertion; he also complained of a severe 
nonproductive cough. In the five days preceding admission the symptoms became intensified. 
Two months prior to admission he had experienced a sudden tearing pain across the chest 
following a kick on the chest by his 3-year-old daughter with whom he was playing. One 
month before admission he claimed that his chest had been compressed by a large packing 
ease which he was lifting. Another instance of trauma to the chest had occurred in the 
more remote past—two years prior to admission he had struck his chest against the steering 
wheel in an automobile accident. Otherwise the past history was noncontributory. 

Notable findings on physical examination at the Jewish Memorial Hospital were dyspnea 
and cyanosis, marked distention of neck veins, and an enlarged heart. The heart sounds 
were distant. The blood pressure in the right arm was 135/110, in the left arm 115/85. 
There was slight dullness in the left chest posteriorly. The liver was palpable 3 ¢.m. below 
the costal margin; it was regular in contour and slightly tender. 

The x-ray examination showed a cardiac outline (Fig. 1) which was enlarged in all di- 
ameters, the silhouette being of the ‘‘dewdrop’’ type. The electrocardiogram revealed low volt- 
age of the QRS complexes and inversion of T,, T:, and T,. The venous pressure was 290 mm. 
of saline on admission. Following a pericardial tap of 400 ¢.c. of blood on Dee. 13, 1947, 
there was gradual clinical improvement with a fall in venous pressure to 122 mm. of saline 
on discharge. One month later the patient was admitted overnight for a second pericardial 
aspiration; again 400 ¢.c. of bloody fluid was removed. Cytologic studies were done; only 
blood and fibrin were visible, with no tumor cells evident. Studies for organisms, including 
acid-fast bacilli, were negative. No evidence of pericardial tumor was demonstrated when 
air was injected into the pericardial sac. To rule out the presence of a neoplastic process 
pericardiotomy was advised. 

Upon admission to Doctors Hospital the same symptoms were present, although they 
were of a lesser degree. On physical examination there was no longer any venous engorge- 
ment in the neck. The lungs were clear and the cardiac findings were unchanged. The liver 
was not palpable. The roentgenographic picture was relatively unchanged, as was the electro- 


sardiogram. ‘The venous pressure was 150 mm. of saline. 
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Laboratory studies showed a hemoglobin of 11.5 Gm. Red blood cells were 4.28 million. 
White blood cells were 10,700 with a normal differential. Urinalysis was negative. The 
blood sugar was 162 mg. per cent. After consultation an exploratory pericardiotomy was 
advised to determine the cause of the persistent bleeding within the pericardial sac. 

On March 16, 1948, under endotracheal anesthesia, a horseshoe-shaped incision was 
made on the left anterior chest wall wit the horizontal limbs over the third and sixth ribs, 
the verticle limb overlying the midsternum. After the skin and pectoral muscles were 
elevated laterally, the fourth and fifth costal cartilages with 2.5 em. of the adjoining ribs 
were resected. The internal mammary vessels were ligated, and the flap of intercostal muscles 
was elevated and displaced laterally exposing the pericardium and pleural reflection. 


Ie 


Fig. 1.—Anteroposterior view of chest showing enlarged cardiac shadow due to pericardial 
exudate. 


The parietal pericardium was bulging and definitely thickened; the visceral pericardium 
and the internal surface of the parietal pericardium were finely granulated and bled freely 
on contact. About 400 ¢.c. of dark liquid blood was removed. On thorough inspection of 
the heart no abnormalities were found. The great vessels appeared normal. The coronaries 
could not be visualized because of a thin deposit of fibrin over the visceral pericardium which 
also appeared to be slightly thickened, but on palpation the blood flow seemed normal. Sev- 
eral large plaques of fibrin were removed from the pericardial sac which was then irrigated 
with isotonic saline solution. All adhesions between the visceral and parietal pericardium 
were divided. In order to avoid further bleeding from contact of visceral and parietal peri- 
cardium, to promote drainage, and to eliminate the possibility of later constrictive peri- 
carditis, a resection of the pericardium was decided upon. Approximately two-thirds of the 
anterior pericardium, especially that portion overlying the ventricles, was then resected. The 
cut margins were sutured with 0 plain catgut to control oozing. The muscular flaps were 
then sutured back in place, and the skin edges approximated with silk sutures, 
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The pathologic specimen removed at operation consisted of two strips of parietal peri- 
eardium measuring 5.1 by 2.4 by 0.5 em. and 6.4 by 2.7 by 0.6 cm. The outer surface was 
gray and gelatinous while the inner lining was dark red and hemorrhagic. 

The pathologist described the following microscopic findings: The inner region con- 
sisted of edematous granulation tissue and recent hemorrhage. On the surface scattered 
patches showed organization of fibrinoid substance. The outer region revealed compressed 
fibrous tissue throughout which were many nutrient vessels surrounded by cuffs of lymphocytes. 

A concentrated specimen of the pericardial fluid was examined by direct smear and 
was found to contain no acid-fast bacilli, A Petragnani culture of the fluid was negative 
after two months. 


Fig. 2.—Anteroposterior view of chest following pericardiectomy. Structure within normal limits. 


The pathologic diagnosis was chronic fibrous pericarditis with old and recent hemorrhage. 

For a week following operation the patient ran a febrile course which was not altered 
by antibiotics. On March 28, 1948, temperature had fallen to 99° F. and from this point 
on he remained afebrile. An electrocardiogram taken on the day after operation showed 
that, although they were still present, the ST- and T-wave changes were less marked. 

This patient was discharged on the tenth postoperative day. Aspiration of a hematoma 
was required twice following discharge from the hospital. Examination six months after 
operation showed the blood pressure and venous pressure to be normal, and the patient free 
of complaints. Roentgen examination of the heart showed a normal heart outline (Fig. 2). 


There have been no signs of cardiac failure. 


COMMENT 


If pericardiectomy with thorough exploration of the pericardial sae had 
not been done, it might be argued that traumatic etiology of the hemoperi- 
eardium was probable but that a neoplastic process would have to be eliminated. 
With exploration the possibility of tumor, either primary in the pericardium or 
invasive from an adjacent structure, has been ruled out. The great vessels at 
the base of the heart were found to be grossly normal. 
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A generous biopsy specimen was obtained, permitting microscopic study of 
the pathologic changes which have been described. No evidence of periarteritis 
nodosa or other diffuse vascular disease was apparent in the specimen. No 
single bleeding point was found; rather, a diffuse edematous granulation tissue 
with recent hemorrhage was the most striking finding. Doubtless, there was 
considerable oozing of blood from this surface. The possibility of bleeding from 
this source initially is improbable if the original lesion was traumatie in origin. 

Similar granulomatous changes in the epicardium were described in a case 
report which appeared in the Swiss literature in 1941.4 This patient, a 66-year- 
old woman, suffered from longstanding cardiac isutticieney and, at post- 
mortem examination, was found to have a rheumatic endocarditis with severe 
mitral stenosis. In addition, she had a massive hemopericardium with telangi- 
ectatic granulomatous changes with multiple hemorrhage in the epicardium. 
However, a rather unusual additional finding was the presence around the 
blood vessels of numerous collections of cholesterol crystals surrounded by 
giant cells. There was no history of trauma in this case. 

Trauma, in the case under discussion, seemed to be the most significant 
etiological factor with neoplasm and blood vessel disease eliminated. There was 
no reason to suspect that the patient had a blood dyscrasia or a bleeding tendeney 
of any sort. Since three different instances of trauma were elicited in the 
history, appraisal of these injuries is necessary. Of the three injuries sustained 
(Injury A: kick in the chest; Injury B: pressure from packing case; Injury 
(: striking chest against steering wheel), only injury A was recalled by the 
patient at the initial interview, injuries B and C being remembered only when 
prompted by the historian. It seems rather improbable that injury C, which 
had been sustained two years before admission, could be responsible for an 
alteration in cireulatory dynamics which appeared only two weeks before 
admission. Injury B was not accompanied by pain in any way approaching 
the magnitude of the ‘‘sudden, tearing pain’’ experienced in injury A. 
Apparently injury A was by far the most severe traumatic event experienced 
by the patient. It is possible that the other injuries in some way may have 
contributed to the trauma sustained. 


SUMMARY 


1. A case of hemopericardium, believed to be the result of nonpenetrating 


trauma, is presented. 
2. A partial pericardiectomy was performed and the pathologie findings 


are discussed. 
3. To the best of our knowledge, pericardiectomy has never before been 
attempted in this condition. 
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PULMONARY PROSTHESIS AFTER PNEUMONECTOMY 


O. C. Brantigan, M.D., Ano H. L. Rigpon, M.D. 
BALTIMORE, Mp. 


HE history of Lucite (methyl methacrylate) used experimentally and in 

clinical surgery has been excellently reviewed and brought up to date by 
Wilson. He made experimental studies and demonstrated a clinical use for 
Lucite balls in the plombage operation in the surgieal treatment of pulmonary 
tuberculosis.’: ?»* Pulmonary prosthesis was developed by Johnson and _asso- 
ciates.*.> These authors have presented the work so well that it would be useless 
to review it. Harrington® stated that Claggett wished to avoid thoracoplasty 
after pneumonectomy and used pulmonary prosthesis. In order to prevent 
overdistention of the remaining lung after pneumonectomy Cournand and 
Berry’ used oil with good results. The necessity for and the justification of 
pulmonary prosthesis depends upon two somewhat controversial theories: (1) 
overdistention of the remaining lung after pneumonectomy results in an im- 
pairment of the cardiorespiratory function, and (2) overdistention of the re- 
maining lung after pneumonectomy for pulmonary tuberculosis enhances the 
activation or flare-up of dormant or quiescent tuberculous lesions in the remain- 
ing lung. Thoracoplasty prevents overdistention and is not a prosthesis but it 
does obliterate the empty pleural space. It has an advantage over prosthesis 
since it will prevent or heal empyema. If empyema complicates the pneu- 
monectomy a prosthesis is contraindicated and thoracoplasty is imperative. 
Thoracoplasty is deforming. 

Whether ecardiorespiratory impairment develops seems to involve several 
considerations. Does hyperplasia of the remaining lung tissue occur; is com- 
pensatory hypertrophy of the lung developed, or does emphysema of the re- 
maining lung occur? The age of the patient and the patient’s predestined 
future concerning the development of emphysema or cardiac failure, even with 
both lungs intact, are important factors in answering these questions. 

Hyperplasia of lung tissue in young animals after pneumonectomy has 
been demonstrated by Haasler (1892),* Mollgaard and Rovsing (1910),° 
Kawamura (1914),'° Knott (1934),!' Hilber (1934),'? Bremer (1937),'* and 
Longacre and associates (1940).'* 1°" There is no dissenting opinion. It has 
not been proved, however, whether hyperplasia will occur in the remaining lung 
after pneumonectomy in babies or children. 

In 1935, Rienhoff'? reported that experimental studies and the study of 
agenesis'*® of the lung indicated that compensatory dilatation and not emphysema 
of the lung occurs after pneumonectomy. The conclusion is based upon the 
study of the lung from one adult dog about six months after pneumonectomy. 
At a meeting in 1948, Rienhoff’® referred to this work, stressing the point that 
-_ From the Department of Surgery, School of Medicine, University of Maryland. 
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emphysema does not occur in the remaining lung after pneumonectomy. 
Smart”’ in a study of agenesis of the lung collected 104 cases from medical 
literature and added two more patients that he had studied. Fifty-seven 
autopsies were performed, but the existing lung was described only seven times 
and in six there was emphysema. Longacre’: '*'® made exhaustive experi- 
mental studies on dogs after pneumonectomy. He carried out this procedure 
on puppies and studied the results on three such dogs two, three, and almost 
four years later. From the same litter he kept two puppies as controls. He did 
pneumonectomies on young adult dogs and studied the results on two of these 
animals two and almost four years afterward. Histologically the lungs from 
the dogs which had pneumonectomies as puppies were larger than normal with 
smaller than normal alveoli; however, the atria were dilated and suggested 
hyperplasia. A histologic study of the lung from the dogs that had pneu- 
monectomies when young adults showed no hyperplasia but dilatation and 
definite emphysema. Longacre’s conclusions and results differed from those 
of Rienhoff on young adult animals. Rienhoff studied the lung of his dog six 
months after pneumonectomy. Longacre studied the lungs from two dogs at 
two and almost four years after pneumonectomy. 

Cournand* *! indicated that in children and young puppies the cardio- 
respiratory function is almost as good after pneumonectomy as before, even 
under severe exercise. Longacre’® studied animals from the same litter. Three 
of these he subjected to pneumonectomy at the age of one month. When ten 
months old the animals with one lung functioned as well as those with two 
lungs. However, three years later the animals with both lungs showed no 
change in cardiorespiratory function when subjected to severe exercise, whereas 
in those with only one lung there was considerable embarrassment of ecardio- 
respiratory function. The animals did not, however, show the complete exhaus- 
tion demonstrated by the dog that had the pneumonectomy as a young adult 
animal almost four years previously. Both Longacre and Cournand arrive at 
practically the same conclusion believing that overdistention of the lung is more 
of a liability than an asset. Rienhoff'* wrote, ‘‘We have been able to detect no 
evidence whatsoever that compensatory dilatation of the lung in either man or 
animal is harmful.’’ It is generally agreed that the younger patient has less 
impairment of cardiorespiratory function following pneumonectomy than does 
the older patient. It requires little observation to realize that under normal 
condition of good health, with both lungs intact, children have better ecardio- 
respiratory function than the older adults. 

The results of overdistention of the lung studied five, ten, and fifteen year 
after pneumonectomy, with or without thoracoplasty, are so few in number that 
no unequivocal statement can be made concerning the necessity for preventing 
overdistention of the remaining lung by thoracoplasty or prosthesis. Some 
patients will develop cardiae decompensation, whereas others will develop 
pulmonary emphysema and show considerable cardiorespiratory distress even 
though one lung has not been removed. If the patient whose future held one 
or the other of these conditions were subjected to pneumonectomy surely he 
would show ecardiorespiratory distress at some future time following the pneu- 
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monectomy. A patient, aged 53 years, nine years after a right pneumonectomy 
for carcinoma of the lung spontaneously claimed that breathing and the ability 
to engage in active occupations were better at that time than they had been 
three years before (Fig. 1). 

To preserve cardiorespiratory function and prevent overdistention of the 
remaining lung Graham,”* O’Brien,?* Johnson," * Skinner,?* Alexander,?> Cour- 
nand,” ** and others thought that thoracoplasty should follow pneumonectomy. 





i] 


Fig. 1.—Roentgenogram of the chest of a white man, aged 53 years, whose right lung was 
removed for bronchiogenic carcinoma nine years before. This may be compared with Fig. 2, 
Which shows a white woman, aged 33 years, with agenesis of the right Jung. 


Rienhoff,!® Walker,?° Overholt,?? we, and others do not believe thoracoplasty is 
necessary after pneumonectomy for nontuberculous disease. Clinical observation 
would indicate that thoracoplasty is rarely necessary. It is possible that 
thoracoplasty may restore some lost function after the clinical course has indi- 
eated the development of impaired eardiorespiratory function. Graham’** re- 
ported definite improvement in cardiorespiratory function following thora- 
coplasty in a patient with agenesis of the lung. Berry’ wrote that thoracoplasty 
in a man aged 60 years promptly relieved symptoms of dyspnea after pneu- 
monectomy. If thoracoplasty is needed after operation the differences in the 
right and the left lungs must be considered. The right lung has the greater 
volume. When it is removed the heart can move a greater distance than it ean 
when the left lung is removed, because it quickly apposes itself to the left chest 
wall laterally. 

One can turn to aplasia of the lung for an indication of what may be 
expected in a long-time survival without one lung. Patients with aplasia of 
the lung have been reported as dying from some other cause at the ages of 58 
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to 65 and 72 years.2® We have diagnosed and observed a patient with aplasia of 
the lung 33 years of age. She has dyspnea under certain conditions but is able 
to earry on the usual duties of a graduate nurse (Fig. 2). The patient with 
agenesis of the lung has the equivalent of a pneumonectomy done when an 
infant. It has been shown that hyperplasia of the remaining lung occurs after 
pneumonectomy in young animals; however, in patients with agenesis of the 
lung, at autopsy six out of seven were reported to show emphysema of the 
lung. The patient who has a pneumonectomy as an adult cannot justly be 
compared with the patient who has agenesis of one lung. 


Fig. 2.—Roentgenogram of the chest of a white woman, aged 33 years, with agenesis of 


the right lung. She has dyspnea with exertion but is able to carry on the duties of a graduate 
nurse. This film should be compared with Fig. i, which shows a chest nine years after right 
pneumonectomy for carcinoma of the lung. 


Most surgeons who do pneumonectomy for tuberculosis believe that over- 
distention of the remaining lung enhances the flare-up of dormant or quies- 
cent tuberculous lesions in that lung (Rienhoff,'® Bailey,*® Maier,*! Over- 
holt®?). The thought is uppermost in the minds of thoracic surgeons doing 
collapse therapy in the treatment of tuberculosis, since the basis of collapse 
treatment is exactly the opposite of overdistention of the lung. In doing a 
lobectomy for pulmonary tuberculosis the surgeon has the opportunity of 
palpating the remaining portion of lung and more often than not small nodules 
ean be palpated in the remaining lobe or lobes. When such lobectomies were 
not followed by thoracoplasty in our patients, the rate of flare-up or activation 
of the disease was rather high. Flare-up after lobectomy oecurred in 30.8 per 
eent of 13 patients. On the other hand, at the time of pneumonectomy the 
surgeon has no opportunity of palpating nodules in the remaining lung and he 
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is at liberty to assume that there is no disease in this lung. This may or may not 
be true. In our experience, however, 11 patients subjected to pneumonectomy 
for pulmonary tuberculosis who survived the operation remained entirely well 
from nine months to four and one-half years and have had neither thoracoplasty 
nor prosthesis following the pneumonectomy. It can be assumed that there were 
no lesions to become activated in the remaining overdistended lung or that 
overdistention is not important to the activation of the remaining dormant or 
quiescent lesions. In a study of patients with pulmonary tuberculosis it is not 
particularly unusual to see extensive disease on one side, with a gradual con- 
traction of the lung and a gradual overdistention of the opposite lung. [re- 
quently a lesion or even a cavity in the overdistended lung will heal (Fig. 3) 
A survey of such information merely emphasizes the fact that no unequivocal 
information is obtainable concerning the effect of overdistention upon healed, 
dormant, or quiescent tuberculous lesions. 

Even though absolute facts are not known concerning the ill effects of 
overdistention upon healed, dormant, or quiescent tubereulous lesions, most 
thoracic surgeons believe that overdistention definitely enhances the activation 
or flare-up of such lesions. It is undoubtedly true that if one waits until there 
is a flare-up of a dormant or quiescent lesion, one has waited too long. It is 
much better to do a thoracoplasty before the disease has become activated than 
to attempt to cure the disease by thoracoplasty after the flare-up has occurred. 
Thus, the necessity for preventing overdistention of the remaining lung in the 
tuberculous patient after pneumonectomy seems far more important than it does 
to prevent overdistention of the remaining lung in the nontuberculous patient 


merely to prevent impairment of cardiorespiratory function of a clinical degree. 


When the patient with pulmonary tuberculosis is facing the necessity of 
pneumonectomy, the risk of operation to the patient is far less than the risk of 
continuing with the disease without benefit of pneumonectomy. In other words, 
the patient is sick and any gamble on his life or future health is definitely in 
favor of the pneumonectomy. However, after the patient has survived the 
pneumonectomy for all intents and purposes he is well, and the risk of any 
contemplated prophylactic operative procedure may be greater than the danger 
of future disease that may occur in the patient. Therefore, the chances of an 
operative procedure are all against the patient. If thoracoplasty is con- 
templated the risk is slight but the deformity is considerable. In the event a 
safe, simple, nondeforming operative procedure could be developed, surely one 
would be justified in taking the risk to prevent future trouble to the patient. 
Lucite ball prosthesis is simple, easy, and nondeforming. The immediate risk 
is negligible. However, only time will determine its safety in future years. 

Pulmonary prosthesis has not been used at the time of pneumonectomy in 
order to prevent additional possible harmful factors being introduced into the 
immediate postoperative period. It also seems rather difficult to determine how 
many Lucite balls would need be inserted if they were put in at the time of 
pneumonectomy. Therefore, in order to permit recovery at the time of pneu- 
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monectomy, and to allow the mediastinum to assume a normal position or one 
slightly shifted to the operative side, the Lucite balls are placed in the pleural 
cavity several weeks following pneumonectomy. 

In the beginning the time interval from pneumonectomy to prosthesis was 
purely arbitrary. Rienhoff** indicated that fibrothorax may develop in five to 
forty-two days. Churchill** also believed that fibrothorax would develop. The 
first patient had a prosthesis three weeks after pneumonectomy. Later the time 
interval was increased to ten weeks. Fibrous tissue did not develop in any 
patient. It soon became evident that it would be much better to depend upon 
the position of the mediastinum and not upon time. Judgment based upon the 
position of the mediastinum is not infallible, however, since in some patients 
there is practically no thickening of the pleura and when the pleural cavity is 
opened the mediastinum has a tendency to shift too far to the unoperated side. 
On the other hand, in most patients the pleura is considerably thickened and 
there is no shift of the mediastinum. At the present time it seems rather 
difficult to determine preoperatively whether or not the pleura is thickened. 

After pneumonectomy a permanent phrenie paralysis is done. This pro- 
cedure is not carried out at the time of operation because the patient may 
desperately need the motion of the diaphragm in the immediate postoperative 
period. If the patient has survived uneventfully, the permanent phrenic 
paralysis is done at a separate operation in the cervical region approximately 
two to three weeks after pneumonectomy. 

The operation of pulmonary prosthesis is carried out under local procaine 
anesthesia. The patient is placed in a lateral position with the pneumonectomy 
side uppermost. The incision is usually made over the third or fourth rib in 
about the anterior axillary line, making the incision between the pectoralis 
major muscle and the latissimus dorsi, since less tissue need be traversed in this 
region. A section of rib approximately one and one-half inches long is removed 
subperiosteally. The pleura is incised and a section of it taken for biopsy. The 
fluid in the pleural cavity is aspirated and cultured for pyogenic bacteria and 
tubercle bacilli. Enough Lucite balls are inserted to fill the pleural cavity. 
From nineteen to sixty-five have been used. The number of Lucite spheres 
needed depends upon the position of the mediastinum, the size of the patient, 
and whether it is the left or the right side. The Lucite spheres are sterilized in 
the manner described by Wilson but with slight modification. The spheres are 
immersed in 1:1,000 aqueous zepharin solution for eighteen to twenty-four 
hours. They are thoroughly rinsed in sterile saline and then placed on the 
instrument table in a solution of azochloramide, 1:3,300 in sodium tetradecyl 
sulfate, 1:500. The Lucite spheres are taken from the solution and deposited 
in the pleural cavity without drying. 

Twenty-three patients have undergone Lucite ball prosthesis (Table 1). 
There has been no immediate postoperative difficulty. However, for some un- 
explained reason it is not unusual for the temperature of these patients to be 
as high as 102° F. for several days. At first the unexplained fever was looked 
upon with a great deal of misgiving since it was well known that fever did not 
usually follow after Lucite ball plombage in the treatment of pulmonary tuber- 
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culosis. In this series of patients two have become infected. One _ patient 
showed a satisfactory postoperative period and was well for three weeks. At 
the end of this time he developed fever. Aspiration of the pleural space revealed 
frank pus, from which was grown Staphylococcus albus hemolyticus in pure 
culture. Tubercle bacilli could not be identified. For reasons beyond our con- 
trol the patient was sent to another hospital, where he died approximately three 
weeks later without having the pleural space drained. At autopsy nothing 
abnormal was found except the empyema. There was no evidence of tuberculous 
lesions in the pleural cavity or the remaining lung. 


TABLE I, PNEUMONECTOMY FOR TUBERCULOSIS; PULMONARY PROSTHESIS—LUCITE BALL 








| DATE OF 
AGE PNEU- DATE OF 
NAME |COLOR}| SEX | (YR.) | MONECTOMY | PROSTHESIS END RESULTS TO 3/15/49 
E. K. g, ? 9/ 2/47 10/ 6/47 Sputum negative, working 8 hours 
a day 

Je : 10/ 2/47 11/ 7/47 Dead, 5/18/48, no autopsy 

‘Se oN y 56 10/24/47 1/ 5/48 Dead, April, 1948, empyema 

pad, 3 11/17/47 1/10/48 Spread to contralateral lung, plom- 
bage contralateral side, sputum 
negative, condition good 

12/12/47 2/ 1/48 = Condition good, sputum positive 
from contralateral disease, plom- 
bage contralateral 

12/19/47 2/ 7/48 Sputum negative, condition good 

1/16/48 3/19/48 Sputum negative, condition good 

3/ 5/48 5/ 6/48 Sputum negative, condition good 

3/14/48 5/12/48 Sputum negative, condition good 

3/18/48 5/ 4/48 Sputum negative, condition good 

4/ 5/48 5/ 3/48 Sputum negative, condition good 

4/17/48 6/ 8/48 Sputum negative, condition good 

5/10/48 6/ 8/48 Sputum positive, low grade fever, 
bronchoscopy reveals endobron- 
chial lesion of amputated stump 

5/14/48 7/27/48 Sputum negative, condition good 

7/ 9/48 9/ 9/48 Sputum negative, had empyema, be- 
ing treated by aspiration and in- 
stillation, condition good 

7/23/48 9/10/48 Sputum negative, condition good 

9/ 7/48 11/ 4/48 Sputum negative, condition good 

9/20/48 11/ 4/48 Sputum negative, condition good 

10/ 1/48 12/13/48 Condition unknown 

10/18/48 12/ 3/48 Sputum negative, condition good 

10/29/48 12/22/48 Sputum negative, condition good 

10/26/48 1/13/49 Sputum negative, condition good 

11/16/48 1/10/49 Sputum negative, condition good 














Another patient had a rather difficult postoperative period following pneu- 
monectomy. Nine weeks after pneumonectomy a Lucite ball prosthesis was 
done. It was followed by a period of fever and then the temperature returned 
to normal. Eight weeks after the pulmonary prosthesis the patient began to 
have fever once again. The chest was aspirated; pus was found which contained 
only tuberele bacilli. He was first treated with aspiration and instillation of 
streptomyein, then penicillin, and finally aspiration and instillation of sodium 
tetradecyl sulfate, 1:3,300 and azochloramide, 1:500.*° With the use of the 
latter solution the patient’s temperature returned to normal, the appetite was 
good, he gained weight, and appeared to be rather well, but tubercle bacilli 
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persisted in the aspirated fluid. The Lucite balls were easily removed by a 
small incision under local anesthesia. The incision was kept open for drainage. 
Thoracoplasty is contemplated for obliteration of the space and cure of the 
empyema. 


Fig. 4.—Roentgenogram showing the chest of a white woman, aged 33 years, whose left 
lung was removed for pulmonary tuberculosis. A pulmonary prosthesis followed in eight weeks. 
A cavity was noted in the apex of the right lung four and one-half months after pulmonary 
prosthesis. The patient was treated by bed rest and streptomycin for six weeks and then sub- 
jected to right pulmonary plombage. She has been well and has had a negative sputum for one 
year. 


One patient of the group developed a cavity in the apex of the remaining 
lung after Lucite ball prosthesis. The cavity was closed by a Lucite ball 
plombage (Fig. 4). Another patient of the group was returned to the sana- 
torium and discharged as arrested, but six and one-half months after pneu- 


monectomy the patient was brought into one of the local hospitals dead on 
arrival. One must assume that he died of pulmonary tuberculosis but no 
autopsy was obtained and it was impossible to determine the circumstances 
surrounding the death. The patients with Lucite ball prosthesis have been 
followed carefully from six months to twenty-two months. 


In the beginning of the use of pulmonary prosthesis some misgivings were 
encountered when placing the Lucite balls on the left side of the chest against 
the pericardium, but no untoward effects have been noted from the use of the 
prosthesis on the left side. There have been fourteen prostheses on the left side 
and nine on the right. It is reasonable to assume that the heart is not beating 
against a harder structure than when it beats against the ribs or sternum. 
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The operation of pulmonary prosthesis has proved to be a simple, non- 
deforming operative procedure. However, the morbidity and mortality have 
been high when one considers that one patient out of twenty-three lost his life 
as a result of empyema following Lucite ball prosthesis and another patient 
developed what appeared to be a pure tuberculous empyema following Lucite 
ball prosthesis. It seems rather certain that routine thoracoplasty following 
pneumonectomy would be frought with less morbidity and mortality. It is 
possible, however, to rationalize somewhat concerning the high rate of mortality 
and morbidity. The patient who developed a pure Staph. albus hemolyticus 
infection of the pleural cavity was grossly contaminated at the time of his 
original pneumonectomy and was treated with sodium tetradecyl sulfate- 
azochloramide and sulfanilamide, and escaped infection of the pleural eavity.*’ 
However, at the time of prosthesis the biopsy of the pleura showed chronic 
inflammation of the pleural surface. Either this organism was dormant in the 
pleural cavity since the original operation or a contaminant was introduced at 
the time of operation. The second patient had a tuberculous empyema and was 
also grossly contaminated at the time of operation. The contamination probably 
contained tubercle bacilli as well as pyogenic organisms. He, too, was treated 
with azochloramide, sodium tetradecyl sulfate, and sulfanilamide mixture and 
escaped without infection of the pleural cavity. Again, it may be stated that 
the infection was dormant in the pleural cavity and flared up by the insertion 
of Lucite balls. The experience with these two patients leads to the conclusion 
that when the pleural cavity is by accident grossly contaminated at the time of 
pneumonectomy or when a tuberculous empyema is present at the time of 
pneumonectomy, the patient should not be subjected to Lucite ball prosthesis. 
Surely, in such patients if overdistention of the remaining lung is to be pre- 
vented thoracoplasty is the procedure to be followed. 

Little information is obtainable concerning the incidence of pure tuber- 
culous empyema or mixed infectious empyema occurring after pneumonectomy 
for tuberculosis. It seems highly probable that a certain number of empyemas 
will occur at a later date with or without thoracoplasty. In eleven pneu- 
monectomies for pulmonary tuberculosis not followed by thoracoplasty one 
patient developed a pure tuberculous empyema six and one-half months after 
pneumonectomy (Table II). This is a higher incidence than with Lucite ball 
prosthesis. 


TABLE II, PNEUMONECTOMY FOR TUBERCULOSIS ; NO PROSTHESIS AND No THORACOPLASTY 








| | AGE  |MONTHS SINCE|SPUTUM NEGATIVE,| SPUTUM POSITIVE 
COLOR | (YR.) OPERATION PATIENT WELL OR PATIENT SICK 

W 44 55 Yes 

W 41 3 Yes 

fe F 26 30 Yes 

W 18 30 Yes 

W q 19 29 Yes 

W q 37 2B Yes 

c 32 Yes 

Cc 30 Yes 

CG 1 Yes 
Z ¢ Yes 
1 Yes 





Ww 3 
Ww 3 
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It is assumed that with the additional information concerning pulmonary 
prosthesis now available the operation ean be performed in the future with less 
mortality and morbidity. If the reduction in mortality and morbidity cannot 
be accomplished, then certainly the procedure should be abandoned in favor of 
thoracoplasty. Deformity should not influence the surgeon sinee it is his task 
to cure the disease. 

The effect of the Lucite ball prosthesis in years to come cannot, of course, 
be known at this time. 


SUMMARY 


Pulmonary prosthesis with Lucite balls is a simple, easy, nondeforming 


method of preventing overdistention of the remaining lung after pneumonec- 
tomy. 
The effects of Lucite ball prosthesis in years to come are yet to be 
determined. 
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UNILATERAL LOSS OF COUGH REFLEX FOLLOWING COMPLETE 
AUTONOMIC DENERVATION OF THE LUNG FOR 
BRONCHIAL ASTHMA 


CasE REPORT 


SAMUEL LEvINE, M.D.,* AND JoHN B. Grow, M.D.t 
DENVER, COLO. 


UMMELL,' in 1923, first reported immediate relief of asthma by unilateral 

cervical sympathectomy. He postulated the vagus as being the chief 
motor nerve to the lung, but fearing the consequences of vagotomy, attacked 
the cervical sympatheties, believing that some of the motor fibers of the vagus 
were transmitted via this pathway. His idea was to diminish bronchospasm 
by weakening its innervation. Later, Braeucker, in Kummell’s clinic, demon- 
strated that stimulation of either the vagus or sympathetie produced at times 
an increased resistance to air exchange. Subsequently, many continental 
surgeons began excising various segments of the cervicodorsal sympatheties 
with extremely variable results, as might be expected. This is not surprising 
in view of the variance in case selection, no less than the divergent operative 
procedures employed. Even from the very brief operative descriptions some- 
times given it is evident that many of these sympathectomies were incomplete. 
sraeucker stated that even with complete removal of the stellate ganglion, 
sympathetic stimulation reaches the homolateral lung, as rami communieantes 
send fibers from as low as the fourth thoracic root. 

The year following Kummell’s original report, Kappis? reported equally 
encouraging immediate results from vagotomy on the right side, below the 
emergence of the recurrent laryngeal. The seeming paradox of relief of 
asthma by the interruption of two systems having predominantly antagonistic 
motor effects was then explained on the basis of the reflex are, of which the 
sympathetic was the afferent and the vagus the efferent limb. Dixon and 
3rodie® had reached this conelusion following electrical and pharmacologic 
stimulation of cut nerve endings in experimental animals, and stated that the 
vagus was the chief bronchoconstrictor nerve, and the sympatheties the chief 
bronehodilator. Furthermore, these efferent components were demonstrated 
to be linked to afferent ares which completed the reflex: bronchodilation 
following stimulation of afferent fibers in the central cut ends of the vagi, and 
conversely, bronchoconstriction following stimulation applied to the central 
cut end of the sympathetie. 

There is by no means any universal agreement as to the physiology of pul- 
monary innervation. Phillips and Scott,* in an excellent review of the surgery 
of asthma, stated that the theory of the sympathetic being the afferent limb of 
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a reflex are was ‘‘theoretically attractive without many known facts for its 
foundation.’’ They question the infallibility of Dixon and Brodie’s conclusions 
on nerve stimulation, because the studies were carried out in animals having a 
combined vagosympathetie trunk. However, they conceded that all the ex- 
trinsic nerve paths controlling bronchiolar caliber were eventually condensed 
in the posterior pulmonary plexuses. They felt that if the beneficial result of 
surgery could be attributed to the interruption of a reflex with multiple and 
complicated afferent-efferent pathways, then section of both motor and sen- 
sory channels would more likely produce a good result. It is worth while to 
note, however, that the bronchial walls themselves contain numerous ganglion 
cells and a complicated intrinsic nerve network, not unlike the intestinal 
plexuses of Auerbach and Meissner. In this connection, Drinker® made the 
pertinent observation that complete denervation of the lung is quite impos- 
sible. 

Despite the lack of agreement on the fundamental physiology, the surgery 
of asthma has been based on the coneepts outlined. Sympathectomy has been 
advocated to block the afferent pathway over the stellate and upper thoracic 
ganglia. The efficacy of such surgery would, of course, depend upon a com- 
plete interruption of the afferent are. Leriche and Fontaine® reported relief 
from stellectomy alone, but others believed that a wider operation including 
the upper thoracies is necessary. Levin,’ in asserting that the sympatheties 
constitute the chief bronchoconstrictors of the lung, observed the necessity for 


removing (or destroying by aleohol injection) the third, fourth, and fifth 
thoracic ganglia which contribute direct branches to the pulmonary plexus. 
Moreover, he deseribed indirect branches from all the thoracie ganglia, via 


the aortie plexus. Miseall and Rovenstine,* subscribing to the coneept of the 
sympatheties as the afferent limb of a reflex are, favored sympathectomy in 
those patients in whom asthma was felt to be due to vagal overactivity. They 
noted the procedure of posterior pulmonary plexus resection as advocated by 
Rienhoff and Gay, but warned that this procedure might disturb reflexes es- 
sential to normal respiration. Rienhoff and Gay,® however, in reporting eleven 
patients upon whom this procedure had been done, stated flatly that there had 
been no postoperative complications. The following case report is therefore 
offered, not to evaluate the efficacy of the procedure described in the treatment 
of asthma, but rather to point out an interesting and important complication, 
namely, the clear-cut and unilateral loss of the cough reflex following both 
sympathetic and vagal denervation. The proceedure had been selected on the 
basis of the arguments as given by Phillips and Scott. 


CASE REPORT 

M. R. M., a 40-year-old white woman, entered National Jewish Hospital on July 29, 1949, 
with chief complaint of bronchial asthma of sixteen years’ duration. The patient stated 
that she had been a frail child and had had typhoid fever at the age of 6 years. She had had 
tonsillitis and chorea at 14 years of age, and was told by a physician, in 1936, that she had 
‘leakage of the heart.’’ 

Asthmatie history dated back to March, 1933, and began with an acute, unheralded 
attack while she was a college senior. She had two more asthmatic attacks in the same year, 
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and subsequent to these, she began to experience a constant cough that was slightly pro- 
ductive of white foamy sputum, but she had no wheezing. In the period from 1934 to 1938, 
she received a great deal of therapy for sinusitis and nasal polyps, but had no severe asthmatic 
attacks. In 1938, she had two episodes of status asthmaticus for which she was hospitalized, 
and treated with oil-ether retention enemas. After 1938, the asthma was intermittent and ir- 
regular, and the patient described it as annoying rather than disabling. The patient observed 
that in the period from 1939 to 1943, during which time she had three pregnancies, the asthma 
was definitely less severe. In the summer of 1945, the attacks became more intense and more 
frequent, and she was using adrenalin freely. In 1946, she had an episode of status during 
which she was hospitalized for a period of twenty-three days, and again in 1947, she was hos- 
pitalized with severe asthma and a superimposed pneumonitis. From this time on she ex- 
perienced almost constant asthma, and was unable to carry on her housework. She then 
sought surgical relief, and on Feb. 19, 1949, a right cervicodorsal sympathectomy was done, 
followed two weeks later by the same procedure on the left. On each occasion the stellate 
and first two thoracic ganglia were removed. After the first procedure she felt very much 
better, but after the second stage the brief sense of well-being declined and she again began 
to have asthma. Because of the persistent and severe attacks, it was suggested that a com- 
plete autonomic denervation be done, and she entered the National Jewish Hospital for this 
purpose. 

Physical examination revealed an emaciated white woman in obvious respiratory dis- 
tress, with a wheeze which was audible across the room. The accessory muscles of respira- 
tion were called into play, and stood out as visible cords in the neck. The chest was tym- 
panitie to percussion; breath sounds were loud with an increased expiratory duration. 
There were numerous crackling rales and wheezes over the entire chest. There was no cardiac 
enlargement. The pulse was 84 and regular. A soft blowing murmur was heard early in 
diastole. The blood pressure was 104/84. 

The red blood count was 5,160,000 with 14 Gm. of hemoglobin. White count was 14,200 
with 72 per cent neutrophils, 24 lymphocytes, 3 ecsinophils, and 1 basophil. Urinalysis re- 
vealed a specific gravity of 1.018 with one plus albumin. 

A posteroanterior roentgenogram of the chest showed findings of pulmonary emphysema. 

The maximum breathing capacity was 43.5 liters per minute. The resting arterial oxy- 
gen saturation was 84 per cent and the average pulmonary arterial blood pressure during 
cardiac catheterization was 22 mm. Hg. (A more complete résumé of the objective pulmonary 
and cardiac findings is intended for a later report.) 

Bronchoscopy revealed some blunting of the carina, and a velvety thickened appearance 
of the bronchial mucosa. 

On Aug. 17, 1949, under éther-endotracheal anesthesia, and through a right transpleural 
approach, the vagus nerve was isolated below the recurrent laryngeal, and all communicating 
branches to the root of the lung were resected to the level of the inferior pulmonary vein. 
The vagus was transplanted into the pleural cavity. The sympathetic chain was then mobil- 
ized at the point of its previous resection above the third dorsal ganglion, and was re- 
sected befow the seventh thoracic ganglion. Two No. 45 French right-angle drains were placed 
in the pleural cavity, and the chest closed in layers. 

A. postoperative film on Aug. 23, 1949, showed a wedge-shaped area of atelectasis at the 
right base along the right heart border. Bronchoscopy at this time revealed thick, tenacious 
material in the orifices of the right lower lobe segments. It was also noted that the patient 
had no cough while the right side of the bronchial tree was being examined. With the thought 
that this might be a fortuitous finding due to the passage of the cocaine solely into the right 
bronchial tree, bronchoscopy was repeated on August 30, limiting anesthesia to the pyriform 
sinuses and cords by swab application. The findings were quite striking: a complete absence 
of cough while examining and aspirating the right bronchial tree, and the immediate elicita- 
tion of persistent cough when the tip of the bronchoseope crossed the carina into the left 
main-stem bronchus. Bronchoscopy was repeated on September 3, with identical findings. 


Bronchoscopy was not completely effective in clearing the atelectasis in the right base, and 
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for this reason a Métras catheter was passed into the right anterior basal segment bronchus 
every other day. Following the passage of the catheter, 4 ¢.c. of saline containing 100,000 
units of penicillin, 0.1 Gm. streptomycin, and 0.5 ¢.c. of 1:1000 adrenalin was instilled, and 
the bronchus was aspirated. On this regime, the atelectasis cleared almost completely. 

From September 24, the patient again began to experience severe asthma and was in 
status on several occasions. However, she showed satisfatory response to the intravenous ad- 
ministration of 10 ¢.c. of 1 per cent Novocain, repeated at intervals. It was decided in view 
of the unhappy result on the right side to limit surgery on the left to vagal stripping. This 
was carried out on October 7, through the left transpleural approach. The postoperative 
course was marked by mild disorientation for two days, following which the patient had an 
uneventful recovery. 

A follow-up bronchoscopy on Oct. 23, 1949, revealed essentially the same findings as pre- 
viously noted. The cough on the left side had not been changed by vagal stripping alone. 


DISCUSSION 


If the sympathetics and the vagus constitute a reflex are mediating the 
bronehodilating and bronchoconstricting reflexes, it is logical to assume that 
other important reflexes are likewise so transmitted, and complete autonomic 
denervation will lead to profound changes. 

The procedure employed in this patient has left her prey to atelectasis 
and pneumonitis on the right side. Follow-up observation two months after 
the first procedure revealed a persistent and clear-cut absence of cough on the 
right, and considering the technique employed in transplanting the vagus 
intrapleurally, it is doubtful whether return of function will occur. On the 
other hand, stripping of the vagal fibers to the posterior pulmonary plexus 
appears to be an innocuous procedure as far as preservation of cough is con- 
cerned, as Rienhoff and Gay have definitely stated. 

No attempt has been made in this report to evaluate the status of the 
patient’s asthma following bilateral denervation. It is felt that this will re- 
quire a more prolonged observation during which time a close watch will be 
kept over the patient’s pulmonary status with particular emphasis on the right 
lung. In the future, we intend limiting denervation to the vagal side of the 
autonomie are in view of the untoward complication in this patient. 
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METASTATIC PULMONARY MALIGNANCY: A STUDY OF FACTORS 
INVOLVED IN EXFOLIATION OF MALIGNANT CELLS 
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HE finding of malignant cells in the sputum of patients suffering from 

primary bronchiogenie carcinoma is being reported with increasing fre- 
quency, and its value as a diagnosti¢ tool in this condition is well established. 
Secondary tumors of the lung, involving the bronchi as they not infrequently do, 
might also be expected to exfoliate malignant cells in the sputum. The purpose 
of our study was to determine whether or not malignant cells can be recovered 
in the sputum of patients suffering from metastatic tumors of the lung and to 
examine the factors responsible for exfoliation of these malignant cells. 

REVIEW OF THE LITERATURE 

The use of cytologic examination of sputum as an aid to the diagnosis 
of primary pulmonary neoplasm received little attention until the introduction 
by Dudgeon and Wrigley' of the ‘‘wet-film’’ technique. They examined sputum 
in 58 cases, in 38 of which the diagnosis of bronchiogenie carcinoma was sub- 
sequently established. Malignant cells were found in the sputum from 26 (68 
per cent) of these 38 patients. Subsequent reports?-'* on the use of this method 
have indicated a percentage of correct diagnoses ranging from 60 to as high as 
92.5 in some more recent series. Incorrect diagnoses occur but become less and 
less frequent as the examiners become more familiar with the technique. Wool- 
ner and McDonalds reported that a. falsely positive diagnosis was made in ap- 
proximately 2 per cent of 300 consecutive cases in which sputum examinations 
gave positive results. The frequency with which thoracotomy is being initiated 
when cytologic examination of sputum has given the only definite pathologie 
evidence of the disease testifies to the fact that this diagnostic method is con- 
sidered to be highly accurate. It is generally felt that a diagnosis of bronchio- 
genie carcinoma can be made on the basis of findings at bronchoscopic examina- 
tion in approximately 50 per cent of eases. Cytologic study of the sputum and 
bronchial secretions may be expected to increase the number of accurate pre- 
operative diagnoses by at least 20 per cent. 

The finding of malignant cells in the sputum of patients suffering from 
secondary pulmonary tumors has been mentioned only rarely in the literature. 
Betschart,’* as early as 1895, reported 2 cases of metastatic osteogenic sarcoma 
in which malignant tissue was found in the sputum. There were 3 cases of 
metastatic pulmonary neoplasms in Dudgeon and Wrigley’s' series in 2 of which 
the sputum contained malignant cells. Barrett? found malignant cells in the 
sputum of 9 patients who had secondary tumors of the lung. He predicted that 
exfoliation of malignant cells in the sputum might be expected in cases of hyper- 
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nephroma and sarcoma with pulmonary metastatic lesions. It was emphasized 
by Gloyne’® that almost any type of malignant cell, squamous, polygonal, or 
columnar, might be found in the sputum in cases of secondary tumors of the 
lung. Cells from carcinoma of the esophagus and pharynx were the most com- 
mon. (owar,* on the other hand, reported 5 cases of secondary neoplastic 
growths of the lung in which examination of the sputum gave negative results. 

Wandall* in an extensive review of the subject of neoplastic cells in the 
sputum reported positive findings in the sputum of 8 patients who had met- 
astatic pulmonary neoplasms, and negative results in 4. Those who had _ posi- 
tive sputum included 2 who had carcinoma of the colon, 2 who had hyper- 
nephromas, 1 who had carcinoma of the breast, 1 who had a parotid tumor, one 
tumor of the testis, and one osteogenic sarcoma. It was his feeling that the 
primary or secondary nature of a tumor of the lungs could not be determined 
from cytologic study of the sputum as the two are frequently similar histo- 
logically. Exceptions were cases of metastatic hypernephromas of the kidney, 
seminomas of the testis, and sarcomas. In these instances, he felt that the cell 
types were sufficiently distinctive so that they could be recognizable in the 
sputum as being different from cells exfoliated from primary bronchiogenic 
carcinoma. Others® ** '° have reported the occasional finding of malignant 
cells in the sputum in cases of secondary tumors of the lungs. 

The reliability of cytologic examination of sputum in the diagnosis of 
metastatic pulmonary malignancy cannot be determined from the reports men- 
tioned because not enough cases were encountered by any author to be considered 
significant, and no consistent attempt was made to list the negative results as 
well as the positive ones. MeKay and associates’? encountered less success in 
recovering malignant cells from the bronchial secretion of cadavers with see- 
ondary tumors of the lung than of those with primary bronchiogenic carcinoma. 
Zimmerman and Lubliner'™ made the statement that in their experience, tumor 
cells have not been found in the bronchial secretions of patients with pulmonary 
metastatic lesions in spite of the fact that erosion into the bronchi by metastatic 
tumors ean and does occur. 

The fact that bronchial involvement may occur in cases of secondary tumors 
of the lung has been emphasized in recent years as the bronchoseope has come 
into more widespread use, and it is no longer a rare occurrence for secondary 
tumors to be seen through the bronchoscope and for the diagnosis to be made 
after examination of a specimen obtained through the bronchoszope.'*-** King 
and Castleman?’ investigated the frequency of bronchial involvement in met- 
astatie pulmonary malignant lesions in 109 cases at necropsy. In 20 (18.3 per 
cent) bronchial invasion by malignant cells was found, the invasion in 11 being 
noticeable grossly. They emphasized that no special effort was made to search 
carefully for small metastatic mucosal nodules and stated furthermore that the 
sections disclosing microscopic involvement of the bronchi were taken at random 
only. Had a more careful search been made, undoubtedly the percentage of 
cases of secondary pulmonary tumors with bronchial involvement would have 
been higher. In a recent review of pulmonary resection for metastatic malig- 
naney”® it was found that the question of bronchial involvement was mentioned 





ee eee ee 


Lee ee 


ELLIS, JR., ET ALL: METASTATIC PULMONARY MALIGNANCY 127 


in 27 of 62 cases reported in the literature. In 17 (63 per cent of these 27 
cases or 27 per cent of the entire series) bronchial involvement was present. 
Seiler?® concluded that the actual percentage of bronchial involvement was 


between 35 and 40. 
MATERIAL AND METHODS 


In order to determine whether or not malignant cells can be found in the 
sputum of patients with metastatic pulmonary lesions and to determine as 
nearly as possible the accuracy of this diagnostic method, the case records of 
patients whose sputum and bronchial secretions had been examined for malig- 
nant cells at the Mayo Clinie were reviewed. 

Two groups of cases were included in the study. The first group consisted 
of 400 cases in which examination of sputum and bronchial secretions for ear- 
cinoma cells gave positive results. These were reviewed and the number of eases 
of proved or suspected metastatic pulmonary tumors tabulated. Only cases in 
which a tissue diagnosis of a primary malignant lesion elsewhere in the body had 
been made were listed as ‘‘proved eases.’’ If a malignant tumor had been re- 
moved at another hospital but no tissue was available for study or if the clinical 
and roentgenographic findings indicated that a malignant tumor was present 
elsewhere in the body but resection was not carried out because of the presence of 
pulmonary metastasis, the condition was listed as suspected but not proved. 
Cases of lymphosarcoma, or carcinoma of the larynx, pharynx, and esophagus, 
were excluded as not being true metastasis. 

A second group of cases was reviewed and handled similarly. This group 
consisted of 488 miscellaneous cases in which examination of sputum or bronchial 
secretion was performed and gave negative results. These cases were encoun- 
tered during the same period of time that 100 cases were reported by the lab- 
oratory as having malignant cells in the sputum or bronchial secretion. 

Because of our findings in these groups, a pathologie study was made of 
lungs removed at operation and at necropsy in cases of secondary tumors of 
the lung. Sections were made through the bronchi which were grossly involved 
with tumor tissue, and paraffin sections were made for microscopic study. For 
purposes of comparison similar sections of primary bronchiogenie carcinoma, 
bronehial adenomas, and cylindromas were studied. 

RESULTS 

In the group of 400 cases in which sputum or bronchial secretions were 
reported positive for malignant cells were 16 cases of metastatic pulmonary 
malignancy. In 8 of these the diagnosis was proved by resection of the primary 
tumor and examination of tissue, in 6 it was strongly suspected because of 
clinical and roentgenologie findings, and in 2 the diagnosis was questionable 
since the site of the suspected primary tumor was unknown, although the 
roentgenograms of the thorax were considered by the roentgenologist to be 
typical of pulmonary metastasis. These 16 cases included 8 eases of carcinoma 
of the breast and 1 each of carcinoma of the colon, carcinoma of the cervix, 
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malignant teratoma of the testis, carcinoma of the prostate, papillary carcinoma 
of the thyroid, and carcinoma of the ovary. In the remaining 2 cases, the site 
of the suspected primary tumor was unknown. 

Of 488 patients who had miscellaneous conditions in which cytologic exam- 
ination of the sputum was reported negative, 30 were believed to have metastatic 
tumors of the lung. In 17 of these the diagnosis was proved by examination 
of tissue, in 10 it was strongly suspected, and in 3 the site of the primary malig- 
naney was unknown. Of the 100 patients whose sputum was reported as positive 
during the period in which these 488 patients were examined, 4 were considered 
to have metastatic tumors of the lung. Thus, out of a total of 34 patients who 
had proved or strongly suspected metastatic pulmonary malignaney, 4 were 
found to have malignant cells in the sputum and the remaining 30 did not; 
this gives a percentage accuracy of 11.8. 


Fig. 1.—Metastatic adenocarcinoma involving bronchial wall. Intact surface mucosa may be 
noted (hematoxylin and eosin, x115). 


From these results, it would appear that exfoliation of carcinoma cells in 
the sputum is a rather rare occurrence in metastatic pulmonary malignancy. 
The relative infrequeney of bronchial mucosal involvement by metastatic tumor 
is undoubtedly responsible to a certain extent for the comparatively low inei- 
dence of malignant cells appearing in the sputum. Even with gross bron- 
chial involvement, metastatic malignant tumors are unlikely to exfoliate cells. 
This fact was brought out clearly in reviewing the ease records of patients with 
metastatic tumors of the lung whose sputum and bronchial secretions were nega- 
tive for carcinoma cells. In 7 of these cases a specimen obtained through the 
bronchoscope proved to be malignant tissue, in 6 of these 7 cases a definite 
polypoid tumor was visible bronchoscopically. In 3 additional cases, in which 
resection was carried out, gross bronchial involvement was evident in the speci- 
men in spite of which repeated sputum examinations had been negative. In 
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2 cases from which malignant cells were recovered in the bronchial washings, 
repeated examinations of sputum had been negative and the malignant cells 
were recovered only after the bronchial mucosa had been disturbed by broncho- 
scopic biopsy procedure. These findings suggest that when bronchoscopic biopsy 


Fig. 2.—Metastatic sarcoma involving the bronchial wall. a. The surface epithelium 


overlying the tumor is flattened but still intact (hematoxylin and eosin, X100). b. The bron- 
chial epithelium has undergone squamatization (hematoxylin and eosin, x100). 


is positive and a definite polypoid tumor is visible through the bronchoseope and 
yet repeated examinations of sputum and bronchial secretions are negative for 
carcinoma cells, the lesion may be metastatic in origin. 
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Unfortunately, the cells exfoliated by secondary pulmonary neoplasms en- 
countered in this study were not sufficiently distinctive to indicate their sec- 
ondary origin. Even in retrospect we were unable to determine the secondary 
nature of the exfoliated cells seen in the sputum of patients suffering from 


Fig. 3.—Metastatic carcinoma of bronchial wall. a. Microscopic foci of tumor in bronchial 
mucosa (hematoxylin and eosin, x100). b. Edge of polypoid tumor mass projecting into bronchial 
lumen. The surface mucosa is intact in both cases (hematoxylin and eosin, x115). 


secondary pulmonary tumors. It might be said, however, that if squamous cells 
or small cells are found in the sputum, the chances that the tumor is primary 
in the lung are excellent, as these cells are rarely seen in cases of metastatic 
malignant lesions of the lungs. 
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PATHOLOGIC STUDY 


These observations led us to examine more carefully the lungs removed at 
operation and at necropsy in cases in which secondary pulmonary tumors were 
present. Our purpose was to determine if possible what factor or factors 


Fig. 4.—Metastatic malignancy of bronchial wall. a. The polypoid tumor mass is covered 
by a layer of hyalinized connective tissue (hematoxylin and eosin, X100). b. A zone of necrotic 
material separates the tumor from the bronchial lumen (hematoxylin and eosin, x32). 
might be responsible for the infrequent occurrence of malignant cells in the 
sputum of these patients. 

The most striking finding was the frequent observation that the bronchial 
epithelium maintained its integrity over the surface of the metastatic tumor 
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even in the face of extensive bronchial involvement (Fig. 1). The epithelium 
was frequently found to be flattened (Fig. 2, a) and in some areas to have 
undergone squamatization (Fig. 2, b), but its function as a protective epithelial 
covering was maintained and for this reason there was little opportunity for 
malignant cells to exfoliate. 


Fig. 5.—Metastatic fibrosarcoma to lung. a. Specimen showing polypoid mass projecting 
into bronchial lumen. b. Histologic section through the polypoid tumor (hematoxylin and eosin, 
x100). 


Early and late stages of bronchial involvement by metastatic carcinoma 
are shown in Fig. 3, @ and b. The bronchial mucosa shown in Fig. 3, a con- 
tains multiple microscopic foci of metastatic carcinoma. The metastatic tumor 
tissue shown in Fig. 3, b had produced a polypoid tumor mass measuring 3.5 
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em. in diameter. In both instances the surface mucosa remained intact and the 
examination of sputum was negative for carcinoma cells. 

In certain cases a polypoid metastatic nodule was found in the bronehial 
wall with loss of the overlying surface epithelium. Failure to obtain malignant 


Fig. 6.—a, Primary bronchiogenic carcinoma, squamous-cell type, showing malignant 
change in surface epithelium. Carcinoma cells can be seen free in the lumen of the bronchus 
(hematoxylin and eosin, x85). b. Bronchial adenoma. Note the flattened but intact epithelial 
lining over the tumor (hematoxylin and eosin, 155). 
cells in the sputum was explained in 1 case (Fig. 4, @) by a layer of acellular 
connective tissue over the tumor and in another (Fig. 4, b) by a thick zone 


of necrotic material overlying the metastatic malignant tissue. 
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Tissue from a surgically resected fibrosarcoma with a polypoid projection 
into the bronchial lumen is shown in Fig. 5, a. A section through the polypoid 
tissue (Fig. 5, b) revealed a thick zone of necrotic tissue on the surface of the 
tumor which precluded the finding of malignant cells in the sputum. 

For purposes of comparison, a histologic section through the wall of a 


bronchus in a case of primary bronchiogeni¢e carcinoma is shown in Fig. 6, a. 
Since these tumors arise from the surface epithelium of the bronchus, every 
opportunity exists for the exfoliation of cells into the lumen from the free 
surtace of the tumor. On the other hand, examination of sputum in cases of 
bronchial adenomas and eylindromas has yielded consistently negative results. 
These tumors, however, arise from the subepithelial mucous glands and an in- 
tact epithelial covering can usually be demonstrated over the surface (Fig. 6, )). 
The findings on pathologic examination, therefore, are essentially the same in 
eases of bronchial adenomas and eylindromas as in many cases of metastatic 
malignant tumors to the bronchus. 


SUMMARY 


The finding of malignant cells in the sputum in eases of metastatic pul- 
monary neoplasms is a relatively infrequent occurrence. 

Of 400 cases in which sputum was found to contain malignant cells, 16 
were cases of metastatic pulmonary neoplasm. Among 488 eases in which mis- 
cellaneous conditions were present and examination of the sputum for malig- 
nant cells was negative were 30 cases of metastatic pulmonary neoplasms. Of 
100 patients whose sputum was reported as positive during the period in which 
the 488 patients were examined, 4 were considered to have metastatic tumors 
of the lung. Thus, the percentage accuracy of sputum diagnosis among 34 cases 
of metastatic tumors of the lung was 11.8. 

The pathologic explanation for the low incidence of positive results on 
sputum examination in secondary pulmonary tumors derived from this study 
is that the surface epithelium remains intact over the metastatic bronchial lesion 


in many eases. A covering of necrotic tissue in some cases and a protective 
acellular connective tissue layer in others prevent recovery of malignant cells 
in the sputum as often as would be anticipated, when the not infrequent oc- 
currence of bronchial involvement in eases of secondary pulmonary tumors 


is considered. 
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EXPERIENCES WITH THE USE OF DIRECT AORTOGRAPHY IN THE 
DIAGNOSIS OF COARCTATION OF THE AORTA 
WiLuiAM H. MuLuer, Jr., M.D.,* Los ANGELES, CALIF., AND 
Rosert H. Sitoan, M.D., BALTIMoRE, Mb. 


DVANCES in the surgery of congenital cardiovascular defects have stim- 
ulated the development of more accurate methods of diagnosis. Coarcta- 
tion of the aorta does not usually present any diagnostic difficulties. It is made 
clinically upon the presence of symptoms of hypertension, differences in blood 
pressures and pulses in the upper and lower part of the body, and roentgen- 
ologic evidence of notching or erosion of the inferior borders of varying num- 
bers of ribs. In most instances, the site of the coarctation is immediately distal 
to the origin of the left subclavian artery. However, it occurs occasionally in 
another part of the aorta, or, in the infantile type, several centimeters of aorta 
may be involved in the coarctation. It is thus to the advantage of the surgeon 
to know as much as possible about the exact nature and location of the defect 
before operation is attempted. 

Roentgenologic contrast visualization gives more information about these 
lesions than any other diagnostic procedure, and is carried out by the injection 
of a radiopaque substance into the cardiovascular system while serial roentgeno- 
grams are rapidly taken. 

Methods for contrast visualization of the aorta include: 

1. The intravenous injection of Diodrast as developed by Robb and Stein- 
berg... This gives excellent visualization of the superior vena cava and right 
chambers of the heart. However, after the opaque media has passed through the 
pulmonary vascular bed, it is frequently diluted to such an extent that proper 
contrast is not achieved in the aorta, and the point of stricture, therefore, not 
clearly outlined. 

2. The retrograde injection of Diodrast through the left common carotid 
artery, as has been used by Freeman® and Stevens,*> Burford and Carson,* 
and others. This method gives greater contrast and more detail than any of 
the others. However, exposing the carotid artery would seem a rather formidable 
procedure to be used in the performance of a diagnostic study. There is like- 
wise the possibility of injury to that artery, which in certain: cases might result 
unfavorably. 

3. The introduction of an intravenous catheter into the ascending aorta 
through the right or left radial artery with the retrograde injection of 70 per 
cent Diodrast as described by Broden and associates* and Crafoord., Adequate 
visualization of the coarctation is usually obtained. However, a relatively large 
amount of contrast substances is required, because much of it is dissipated 
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through the left common carotid and left subclavian arteries before the coare- 
tation is reached. Also, there is the possibility of occluding the orifice of one 
of the coronary arteries with the tip of the catheter. 

We have employed a method only slightly different from the third men- 
tioned, but it appears to present advantages in some respects, and it is for that 
reason that it is being reported. This method utilizes the left radial artery 
and permits the tip of the catheter to enter the descending rather than the as- 
eending aorta. The greatest concentration of opaque material is thus placed 
directly at the point of coarctation and permits the use of a much smaller 
amount. 

TECHNIQUE 

Before the procedure is performed, 1 ¢.c. of a solution of 1 part 70 per cent Diodrast 
in 10 ¢e.c. of saline is injected intravenously to determine whether or not the patient is 
sensitive to it. Nembutal and morphine sulfate are given one hour before starting. The 
patient is placed supine upon a fluoroscopic table and the anticubital fossa and volar surface 
of the left forearm prepared and sterile drapes applied. Under local 1 per cent Novocain 
anesthesia, a diagonal incision about 2 to 3 em. in length is made beginning at the 
anticubital fossa and extending distally over the course of the radial artery. This artery is 
exposed and dissected distally to its first large tributary. A ligature is placed distally on 
this tributary and it is occluded proximally by means of a small bulldog arterial clamp. <A 
transverse incision is made in the occluded portion and the proximal lumen dilated with 
a mosquito forecep. The tip of a regular size 9 or 10 intravenous catheter, through which 
heparinized physiologic saline is running, is then introduced into it (Fig. 1). Thereupon, the 
bulldog clamp is removed and the catheter rapidly passed until it meets a slight resistance. 
This indicates that the tip of the catheter has reached the abrupt Cownward turn of the 
subclavian artery into the mediastinum or the coarctation itself, and can easily be determined 
by fluoroscopy at this time. If the former has occurred, the catheter is withdrawn for 
several centimeters, the arm abducted to about 90°, and another attempt is made to pass the 
catheter. This is usually successful and the tip is positione] just within the lumen of 
the aorta (Fig. 2). If the coarctation has been reached, the catheter is withdrawn to a 
similar position. One should be extremely careful to avoid forcibly passing the catheter 
through any region of resistance. 

When the proper position has been achieved, the patient is turned on the left side and 
a preliminary lateral film is taken. If this is satisfactory, 25 ¢.c. of 70 per cent Diodrast 
are then injected as rapidly as possible while seven serial films are exposed at intervals of 
about one second by means of an automatic casette changer. If good visualization of the 
coarctation is not obtained, the necessary adjustments are made and the injection repeated, 
a total of not more than 75 e.c. being given during the entire procedure. A ligature is 
then placed about the artery while an assistant withdraws the catheter. The skin and sub- 
cutaneous tissues are closed with interrupted sutures. Upon returning to the ward, 
penicillin is begun and the arm elevated. Little discomfort is associated with the 
procedure. Immediately after injection of the contrast substance, there is a momentary 
substernal burning sensation followed by a generalized hot flush which lasts from one to three 
minutes. i 


RESULTS 


From Jan. 1, 1949, to May 1, 1949, thirteen patients with coarctation have 
been subjected to the procedure in this clinic. Cne other had no angiographie 
study, because of a severe allergic reaction after the injection of the test dose of 
Diodrast. This patient’s history revealed previous, mild asthmatie attacks. 
Nine of the patients were adequately visualized, were thought to present only the 
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Fig. 1.—Diagrammatic drawing of the arteries of the left forearm. A segment of the first 
large branch of the radial artery has been occluded and a transverse incision made in it. The 
tip of the catheter is inserted into the incision and passed up the brachial artery to the aorta. 
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Kig. 2.—Diagrammatic illustration of the aortic arch and coarctation of the aorta, demonstrat- 
ing the proper positicn of the tip of the catheter relative to the coarctation. 
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Fig. «3. Fig. 4. 
Fig. 3.—Aortogram showing type of coarctation most frequently encountered. Left sub- 
clavian artery, aortic arch, and collateral circulation are also demonstrated. 
Fig. 4.—Aortogram demonstrating patent ductus arteriosus associated with coarctation of 
aorta. 


Fig. 5.—Aortogram demonstrating aneurysm of intercostal artery immediately below area of 
coarctation of aorta. 
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usual type of coarctation, and were found at operation to be essentially the same 
anatomically as represented in the aortograms (Fig. 3). In one of the remaining 
four, a patent ductus arteriosus could be seen (Fig. 4). The fact that this was 
known before operation had no influence upon the actual manner in which it 
was performed. In one there was an aneurysm of the left first intercostal 
artery (Fig. 5) which could be seen preoperatively on the aortogram. In an- 
other, aneurysms of both first intercostal arteries were found at operation which 
were not visualized on the aortogram. It was thought that failure to visualize 
them was due to the fact that a relatively far posterior position caused them to 
be obscured by the adjacent vertebral bodies, and also because the patient was 
quite large and obese. In still another, a 10-year-old boy, a dissecting aneurysm 
in the segment of aorta immediately distal to the point of coarctation was present 
at operation, but could not be seen on the aortogram. Examination of the speci- 
men after operation revealed no defect or evidence of trauma in the intima of 
the proximal or distal aortic segments of the coarctation. However, the aneu- 
rysm appeared to be of recent origin, and because no other cause for its presence 
could be determined, it was assumed to be related to the catheterization. Sue- 
cessful resection with an end-to-end anastomosis was carried out. 


DISCUSSION 

This method of aortography is not necessarily presented as the one which 
gives the most detailed x-ray visualization. However, it does have several dis- 
tinct features to recommend its use. First of all, it is technically simple to per- 
form and does not require specialized instruments other than the catheter. It 
is of minimal discomfort to the patient, and a general anesthetic is not required 
except in small, uncooperative children. Because the left radial artery and con- 
sequently the descending aorta is catheterized, the possibility of the tip of the 
catheter entering the orifice of one of the coronary arteries with its attending 
consequences is not present; also a smaller amount of opaque substance is re- 
quired, and the greatest concentration is placed at the site of the coarctation. 
However, on three occasions the tip of the catheter passed through the coarcta- 
tion and it was necessary with a strain gauge manometer to determine by means 
of the differential pressure relationships that existed as the catheter was slowly 
withdrawn, the proper position above the coarctation at which its tip should 
remain. Although we have in most cases employed an automatic rapid casette 
changer, and its use is highly desirable, the procedure may be carried out on any 
routine x-ray machine by exposure of a single film just before the injection of 
the contrast substance is completed. There have been no convulsions, paralysis, 
or other untoward reactions associated with the procedure except for a mild 
febrile reaction in the first two cases. They were found to be due to the pres- 
ence of pyrogens in improperly cleaned catheters and upon correction of this, 
no additional reactions were encountered. 

The method’s disadvantages include poor or no visualization of the ascend- 
ing aorta and first part of the aortic arch. Also, the resistance offered by the 
catheter to fluid on injection is greater than that occurring with a short cannula 
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of the same caliber. Thus, a slower rate of injection of the opaque substance 
oceurs. Finally, if the catheter is passed injudiciously there is some possibility 
of injuring the wall of the vessel. 

It is felt that the simplicity of the procedure, the minimal amount of danger 
and discomfort to the patient, and a high degree of assurance of obtaining ade- 
quate demonstration of the defect warrants its use in all patients with suspected 
coarctation who are not sensitive to the contrast substance. 


SUMMARY 


1. Coarctation of the aorta is usually easily diagnosed. However, the point 
of stricture may occasionally occur in some portion of the aorta other than im- 
mediately distal to the left subclavian artery and is best demonstrated by con- 
trast radiography. 

2. A method of catheterization of the left radial artery and descending aorta 
followed by injection of 25 ¢.c. of 70 per cent Diodrast is presented. Using a 
small amount of opaque material a high level of concentration is placed at the 
point of coarctation and adequate roentgenologie contrast visualization of this 
defect and other abnormal vessels in the immediate vicinity is achieved. 

3. The procedure has been performed upon thirteen patients with coareta- 
tion of the aorta from Jan. 1, 1949, to May 1, 1949, at the Johns Hopkins Hos- 
pital with adequate demonstration of the anatomic defects before operation. 

4. The advantages and disadvantages of the method are discussed. 
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ARTERIOVENOUS FISTULA OF THE LUNG 
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RTERIOVENOUS fistulas in the peripheral circulatory system are not un- 
common surgical problems particularly in the fields of traumatic and 


miliary surgery. Their pathogenesis, systemic complications, and surgical 


management are well understood, and the latter is usually attended with a 
great degree of success. Similar fistulas, however, in the pulmonary cireula- 
tory system are rare, and until recent years neither a correct clinical diagnosis 
had been reported nor a successful surgical procedure performed upon them. 
Although they must occur with more frequency than the literature would indi- 


cate, they have not been widely recognized. 

The first case of a cavernous hemangioma associated with secondary poly- 
ceythemia was reported by Rodes' in 1938. The patient was a 25-year-old man 
who had eyanosis, clubbing of the fingers and toes, polycythemia, and x-ray 
evidence of nodules in the mid-portion of the left lung field. The patient suf- 
fered from intermittent attacks of hemoptysis and eventually died of a mas- 
sive pulmonary hemorrhage. The post-mortem examination showed two caver- 
nous hemangiomas on the right and one on the left. Other, similar, nonoperated 
eases have been described by Smith and Horton? and Sisson and associates.* 
Characteristic findings in the clinical histories were the presence of cyanosis 
of the skin and mucous membranes and clubbing of the fingers. The poly- 
eythemia and marked elevation of the hemoglobin content of the blood were 
other notable observations. 

The first successful surgical removal of such a lesion was recorded by 
Hepburn and Dauphinee* in 1942. The patient was a 23-year-old woman who 
had had eyanosis and elubbing of the fingers and toes for eight years. Red 
blood cell count varied between 9 and 9.6 million per em., and the hemoglobin 
content of the blood between 21.8 and 22.8 Gm. per hundred e¢.c. The roent- 
genograms of the chest showed an infiltrating lesion in the middle and lower 
lobes of the right lung. A total pneumonectomy was performed. <A year later 
the clubbing had disappeared, and the patient was reported to be normal. 

Three reports of patients treated successfully with surgery appeared in 
1944. Janes’s® patient had hemangiomatous tumors in both lungs, and a total 
of four of them were removed by local resection at two operations. The pa- 
tient of Adams, Thornton, and Eichelberger® was treated by a left pneumo- 
nectomy because of masses in both lobes of the lung. Jones and Thompson’ did 
a right pneumonectomy. The absence of a middle lobe and of a superior pul- 
monary vein made their problem unique. 

Pathologically, two of these first four surgically removed lesions exhibited 
cavernous sinuses and dilated vascular channels lying in a mass beneath ihe 
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visceral pleura. One showed multiloculated cavities with smooth linings commu- 
nicating with small arteries and veins, and another, a branch of the enlarged 
pulmonary artery terminating in a cavity with a smooth lining, 7 by 7 by 8 em. 
in size, branches from which communicated with the inferior pulmonary vein 
through superficial varicosities. 

Several other cases have recently been reported in which the pulmonary 
lesions have been resected.*""* Since there are still problems in this abnormality 
which are not yet clearly understood, the following two surgically treated pa- 
tints are presented. 

CASE REPORTS 

CASE 1.—The patient was an unmarried woman, aged 30 years, who was seen on Aug. 
2, 1946, complaining of shortness of breath. The illness at the time she was seen had 
started six years previously with an attack of right-sided pneumonia with, however, only 
a mild systemic reaction. An x-ray examination of the chest had at first been reported 
to show a neoplasm, but the subsequent films did not confirm this impression. Shortly 
thereafter she developed mild dyspnea which became slowly but steadily more serious and 
culminated, six weeks previous to the first visit, in dyspnea and orthopnea so severe that 
she could not work and could not lie down to sleep. She was also somewhat cyanotie and 
had mild edema of the ankles. She was successfully treated with digitoxin and rest, and 
at the time of the first visit was comfortable under ordinary conditions of activity. 

For many years she had had a mild chronic cough, productive of a small amount of 
clear, mucoid sputum and in recent weeks a persistent mild temperature elevation. There 
was no history of pulmonary osteoarthropathy. 

Past History.—The patient had had pneumonia in the right lung at the age of 16 
years following an appendectomy. A postoperative ventral hernia had been repaired on iwo 
different occasions. There had been no other serious illnesses, accidents, or operations. 

Family History.—Her mother had died of carcinoma of the uterus. A maternal aunt 
had died of carcinoma, of the intestine and a maternal uncle of carcinoma of the liver. 
There was no history of familial telangiectases. 

Physical Examination.—The temperature was 99.6° F. The pulse rate was 96 a minute. 
The respiratory rate was 18 a minute. The blood pressure was 140 mm. of mercury, sys- 
tolic, and 70, diastolic. The patient was an obese, white woman who did not appear ill. There 
was no cyanosis. The skin was clear. The head, eyes, ears, nose, throat, and neck were 
normal. The thorax was symmetrical. There was no tenderness. The breasts were normal, 
and the chest expansion was normal. The breath sounds were normal on the left; they 
were slightly suppressed at the right base anteriorly, laterally, and posteriorly. There were 
no rales. In the region of the right anterior axillary line, extending from a point high in 
the axilla to the base and anteriorly and posteriorly as well, there was a loud, harsh bruit, 
synchronous with systole of the heart and markedly accentuated with deep inspiration. 
There was no thrill. The heart was not enlarged clinically. The heart sounds were regular 
and rhythmical without murmurs. There was a firm, surgical sear in the right lower 
quadrant of the abdomen. The liver was palpable but not tender. The spleen and kidneys 
were not palpable. There was no abdominal tenderness, and there were no masses. There 
was no clubbing of the fingers and toes or edema of the ankles. The weight was 172 pourds. 

X-Ray and Fluoroscopic Examination.—Roentgenogram of the chest taken in July, 1946 
(Fig. 1, 4 and B), showed minimal cardia¢ enlargement, an unusually large right pulmonary 
artery, and a rounded mass at the right base anteriorly. Fluoroscopically the artery was 
unusually active. Pulsations were thought to be present in the mass. A diagnosis was 
made of a probable arteriovenous fistula in the lower lobe of the right lung. 

The patient was placed on an antiobesity diet and admitted to the hospital on Sept. 17, 
1946, having lost twenty pounds. Condition and general physical examination otherwise 
were the same as when she was first seen, 
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Laboratory Examinations.—The red blood cell count was 4.6 million per ¢.mm.; hemo- 
globin content of the blood was 14.5 Gm. per cent; white blood cell count was 8,800 cells per 
¢.mm.; arterial oxygen content was 19.40 volumes per cent; arterial CO, content was 43.90 
volumes per cent; and the total blood volume was 5,320 ¢.c., the plasma volume being 2,818 
e.c., and the cell volume 2,502 c.e. 

The electrocardiogram showed a right axis deviation. 

Bronchography.—Bronchograms of the right lung showed normal bronchial filling with- 
out displacement of any of the bronchial segments. 

Bronchoscopy.—-There was slight reddening of the mucous membranes in the right 
bronchial tree, but all bronchial orifices were normal with no displacement or rotation. 


B. 


Fig. 1, A and B (Case 1).—Posteroanterior and right lateral chest films. A shadow in 
the right lower lung field is apparent. The large vessel leading to it from the right hilum 
could be seen pulsating violently when the patient was examined fluoroscopically. 


Operation.—A right lower lobe lobectomy was done on Sept. 24, 1946. Cyclopropane 
anesthesia was used with sodium pentothal and curare as induction agents. The pleural 
cavity was entered through the bed of the seventh rib. There were friable, filmy adhesions 
throughout the pleural space. In the anterior basilar segment of the right lower lobe there 
was a soft pulsating mass, 7 em. in diameter. A rough thrill was palpable in it. Both 
the inferior pulmonary vein and the right lower lobe artery measured 3 cm. in diameter. 
A lobectomy was done without difficulty. Between the time when the artery was divided 
and the vein ligated, but not yet divided, the aneurysmal sac became more full and tense 
suggesting that the bronchial artery contributed to its filling. The bronchial artery was 
-75 em. in diameter. The operation was uneventful. A catheter for drainage was left in 
the pleural cavity at the end of the operation. 

Postoperative Course.—The postoperative course was satisfactory. The drainage tube 
was removed on the third day. The red blood cell count varied between 3.35 and 3.72 million 
per ec. mm. and the hemoglobin content of the blood between 9.5 Gm. per cent and 11.5 
Gm. per cent. The patient was discharged from the hospital at the end of the second week 
in good condition, 

Gross Pathology.—The specimen consisted of the right lower lobe of the lung (Fig. 2). 
On cut section there was a cystic space in the anterior basilar segment of the lower lobe, 
6 cm. in diameter, that had a thin wall and a smooth glistening lining. The basilar segment 
branch of the lower lobe artery was 1.5 cm, in diameter, It coursed behind the cyst to its 
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inferior portion where it opened directly into it. Another branch of the artery also opened 
into it after pursuing a devious course through pulmonary tissue. The cystic structure had 
a direct opening into the inferior pulmonary vein. 

Microscopic Pathology.—The wall of the artery showed thickened and hypertrophic 
media, and the wall of the sae resembled vein. 

Hospital Readmission.—The patient returned to the hospital on Jan. 12, 1947, stating 
that for two weeks she had had a nonproductive cough, right-sided chest pain, ankle edema, 
and intermittent fever, all of a mild degree. On examination there was no cardiac enlarge- 
ment, and the sounds were regular and rhythmical, but there was an inconstant, harsh, faint, 
systolic murmur audible only in the aortic area and transmitted to the vessels of the neck. 
Both lungs were clear to percussion and auscultation. The liver was 3 em. below the costal 
margin in the midelavicular line and was slightly tender. 


4 2 3 4 5 6 
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Fig. 2 (Case 1).—Gross specimen. The right lower lobe has been cut and opened like 
a book. The large vessel adjacent to the sac is the lobar artery. The arrow indicates the 
opening of the sac into the inferior pulmonary vein. 


X-ray examinations of the chest showed a heart of normal size. There was a prominent 
rounded bulge in the right hilar region, probably the stump of the lower lobe artery. There 
was cloudiness in the region of the right costophrenic suleus and the right diaphragm was 
slightly higher than normal. The electrocardiogram was normal. The red blood cell count 
was 5.5 million cells per c. mm. of blood, and the hemoglobin content was 16.5 Gm. per cent. 
During the hospital stay the patient had no fever, cyanosis, edema, elevation of the white 
blood cell count, cough, or chest pain, and was discharged three days later. She has remained 
in good health, but the murmur persists. 


CASE 2.—The patient was a 50-year-old white man who was admitted to the hospital 
on Jan. 15, 1947, without specific complaints. During the course of a pre-employment 
physical examination a roentgenogram of the chest was taken on Nov. 11, 1946, which 
showed a tumor of the right lung. The patient denied cough, dyspnea, orthopnea, he- 
moptysis, weight loss, cyanosis, or fever. He had had rare episodes of constricting pain in 
the right anterior chest lasting one to two minutes and radiating to the right midaxillary 
region. 

Past and Family History.—These were irrelevant. Of note, however, was the fact that 
the patient had worked as a laborer without difficulty for many years. There was no history 
of familial vascular tumors. 

Physical Examination.—The temperature was 98.6° F. The pulse rate was 90. The 
respiratory rate was 18. The blood pressure was 110 mm. of mercury, systolic, and 70, 
diastolic. The patient was well developed and nourished. The skin was clear. There was 
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cyanosis of the skin of the face, hands, and mucous membranes which was accentuated when 
the patient was in the recumbent position. The head, eyes, ears, and nose were normal. 
There were moderate dental caries and severe pyorrhea alveolaris. The neck was normal. 
The chest was barrel-shaped. Expansion was symmetrical. Anteriorly, on the right, there 
was dullness to percussion below the level of the fourth rib with decreased breath sounds and 
vocal fremitus. There was a bruit in the right chest anteriorly audible from the second 
to the fifth rib and laterally to the anterior axillary line. Jt was synchronous with systole 
of the heart, its intensity varied from day to day, and it was accentuated by deep inspiration. 
There was no thrill. There were fleeting, dry, crackling rales at both bases. The heart was 
not enlarged. The sounds were regular and rhythmical without murmurs. The abdomen 
was soft and flat throughout without tenderness or masses. The liver, spleen, and kidneys 
were not palpable. The rectum was negative. There was a soft, translucent mass, 3 em. 
in diameter, at the upper pole of the left testicle. Slight clubbing of the fingers and toes 
was present. The weight was 170 pounds. 





A. B. 


Fig. 3, A and B (Case 2).—Posteroanterior and right lateral chest films. The shadow is in 
the vicinity of the right middle lobe. 


Laboratory Examinations—The laboratory data were as follows: the red blood cell 
count was 6.16 million per c.c. of blood; white blood cell count was 6.200; hemoglobin con- 
tent was 19.5 Gm. per cent; serum total proteins were 7.3 Gm. per cent; hematocrit was 64; 
circulation time (calcium gluconate in right basilie vein to the tongue) was eleven seconds; 
venous blood CO, was 49.75 volumes per cent; venous O, was 9.48 volumes per cent; arterial 
CO, was 42.15 volumes per cent; arterial O, capacity was 25.67 volumes per cent; arterial O, 
content was 22.75 volumes per cent; arterial blood oxygen saturation was 88.6 per cent of 
normal; total blood volume was 8,780 c.c.; cell volume was 5,135 ¢.c.; the plasma volume was 
3,645 ¢.c.; respiratory quotient was .622; the coefficient of O, utilization was 56.3; venous 
pressure was 200 mm. of water and the vital capacity was 4.3 liters. 

X-Ray and Fluoroscopic Examination.—Roentgenogram of the chest (Fig. 3) showed 
an oval tumor mass in the anterior portion of the right lower lung field, probably in the 
middle lobe, and an enlarged blood vessel passing to it from the hilum. Fluoroscopically, 
the mass could be seen to pulsate and the artery was unusually active. 
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Angiograms were done on two different occasions (Fig. 4, 4 and B). Fifty cubic centi- 
meters of 70 per cent Diodrast were employed each time, and the films were taken imme- 
diately after the injection and at one and two seconds later. The Diodrast passed imme- 
diately into the mass, intensifying its shadow and outlining the artery wall. In addition, a 
second vessel, presumed to be vein, could be seen passing between the hilum and the mass. 

Bronchoscopy.—This procedure contributed little except that it showed redness of the 
mucous membrane in the right bronchial system and broadening and blunting of the major 
carina. 





A. B. 


250g) ene (Case 2).—A, This exposure was taken one second after the Diodrast had been 
injected. The Diodrast is beginning to pass through the sac and demonstrates two blood ves- 
sels leading to it. 

B, One second later. The Diodrast has accentuated the sac and has passed into the 
smaller pulmonary vessels. 


Operation.—A thoracotomy was performed on Feb. 4, 1947. A cystic structure, meas- 
uring 5.5 by 6 by 8 em. in size, lay immediately beneath the pleura in the anterior portion 
of the middle lobe. A thrill was palpable in it and waves could be seen passing through 
it with each systolic contraction of the heart. The superior pulmonary vein measured 
3 em. in diameter. Because of the large size of all the branches of this vein, suggesting 
that there might be a branch of the upper lobe artery entering the aneurysm, and because 
of the proximity of the sac to the horizontal interlobar fissure it was decided it would be 
best to remove both the upper and middle lobes. This was done without difficulty. An in- 
tercostal catheter was placed into the pleural cavity for drainage at the conclusion of the 
procedure. 


Postoperative Course.—The patient developed a serious atelectasis in the right lower 


lobe on the first postoperative day that required repeated intratracheal aspirations before 


it was controlled. Ultimately the lower lobe expanded well, and at the time of the patient’s 
discharge from the hospital three weeks later, it had completely filled the right thoracic 
cavity. The catheter was removed on the third postoperative day. The temperature reached 
normal on the tenth postoperative day. At the time of discharge the red blood cell count 
was 5,590,000 per c. mm.; the hemoglobin content of the blood was 15.9 Gm. per cent, and 
the hematocrit was 49.8. 
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One month later the patient returned to the hospital with jaundice thought to be 
due to a delayed serum reaction from the blood transfusions administered at the time of 
the operation. It cleared slowly, and the patient has remained well until the present time. 

Gross Pathology.—A unilocular cyst occupied a large part of the middle lobe and 
compressed the surrounding pulmonary tissue (Fig. 5). The middle lobe could be dis- 
sected from the upper lobe without difficulty and there were no vessels extending from the 
upper lobe into the cyst as had been feared at operation. The middle lobe artery was 6 
mm, in diameter. It entered the superior portion of the lateral wall of the cyst. The 
middle lobe vein was 1 em. in diameter. The intima of the artery showed slight atheroma- 


tosis. 





Fig. 5 (Case 2).—Gross specimen. The upper lobe is on the left, the middle lobe on 
the right. The lower left indicator passes through the arterial branch to the sac and the 
upper right through the venous. 


Microscopic Pathology.—The wall of the arterial branch to the sae was essentially nor- 
mal. However, near the expanded portion of the sac the normal smooth muscle of the 
artery disappeared and was replaced by fibrous connective tissue except for occasional 
bundles of smooth muscle and a few elastic fibers. Sections through the cyst wall itself 
showed uneven thickening of the intima and occasional calcified atheromatous plaques in 
the fibrous connective tissue wall. Only rare bundles of smooth muscle and elastic fibers 


were seen. 
DISCUSSION 

Several facts about these and the previously reported cases raise interest- 
ing points for discussion and speculation. It seems definite that the lesion 
is of a congenital character. Goldman,'* among others, is of this opinion and 
has emphasized the hereditary nature of this anomaly as well as its frequent 
coexistence with other visible telangiectases. Yet neither of our patients gave 
any family history of vascular abnormalities, and neither had other recog- 
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nizable telangiectases. Several of the patients have not had the usual type of a 
cavernous hemangioma but have had large cystic aneurysmal structures with 
which both a branch of the lobar artery and vein communicated. It has not 
yet been possible to determine whether this is the same type of lesion with the 
same type of etiology and origin as the cavernous hemangioma. Furthermore, 
no relationship has been established between the degree of polycythemia and 
cyanosis and the pathologie type of the lesion. 

The effective size of the arteriovenous shunt presumably determines the 
degree of unsaturation of blood returning to the left heart, the cyanosis, the 
secondary polycythemia, the increased blood volume, increased cell volume, 
and the increase in the hemoglobin content of the blood. Yet our first pa- 
tient with a lesion quite similar to the second, did not have these associated 
changes in the peripheral blood. The explanation that the effective size of the 
shunt in her was not sufficient to cause them does not seem adequate since 
there were direct communications between the sac and the pulmonary arteries 
and vein. The character of the bronchial artery found at operation, and its 
apparent anastomosis with the sac may be significant. We are unable to say 
whether this connection with the sac was a direct one or through the pulmonary 
capillary system, yet it is possible that this association may have been a factor 
in explaining the absence of the expected blood changes. Maier and associates’ 
have suggested that the bronchial arteries may play a role in supplying blood 
to a fistula, but as far as we are aware the evidence for this concept has not 
been as clear in any of the other reported cases as it was in this one. 

The occasional mistaken diagnosis of polycythemia vera in the early re- 
ports, and the use of therapeutic measures for that disease is understandable. 
However, a patient with a pulmonary tumor visible by x-ray examination, who 
has an audible bruit, cyanosis, and clubbing of the fingers and whose blood 
studies show polycythemia, increased hemoglobin content of the blood and 
normal platelet and white blood cell counts should be considered to have an 
arteriovenous fistula in the lung whether or not other signs and symptoms 
are present. Blood volume and oxygenation studies of the arterial blood offer 
confirmatory evidence. Other interesting diagnostic aids are the Valsalva and 
Miiller tests. Lindgren™ has emphasized their importance and the fluoroscopic 
changes in the sacs when they are applied. 

The deaths of some patients from pulmonary hemorrhage and other com- 
plications such as hemoptysis and symptoms of mild eardiae failure indicate 
the danger from the abnormality. Surgical resection is the indicated treat- 
ment and should be performed wherever possible. 

SUMMARY 

Two eases of arteriovenous fistula of the lung which were surgically re- 
sected are reported. 

The signs, symptoms, and diagnostic criteria of this anomaly are discussed. 

One patient did not have the polyeythemia and associated blood changes 
usually observed in this abnormality. It is suggested that a connection be- 
tween the bronchial artery and the aneurysmal sae may offer the explanation 
for this fact. 
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THE PREVENTION OF SPREAD DURING PULMONARY RESECTION 
BY THE USE OF A DOUBLE-LUMEN CATHETER* 
VIKING OLov BJérRK, M.D., AND Eric CaRLENS, M.D. 
STOCKHOLM, SWEDEN 


INCE the introduction of chemotherapy and antibiotics in combination with 

postural drainage it has been possible to reduce the amount of sputum to 
practically nothing in many cases with suppurative pulmonary disease before 
the operation. There are, however, cases of longstanding saccular bronchiectasis, 
chronic lung abscess, secondary suppuration behind a bronchiogenie carcinoma, 
and pulmonary tuberculosis, in which the amount of sputum is reduced by 
prolonged preoperative treatment but still remains at a considerable level. And 
there are cases which scem to be completely dry, and yet pressure on the dis- 
eased portion of the lung during the operation will result in flooding of purulent 
material. In a group of 125 eases of pulmonary resections from 1937 to 1947, 
Moody found spreads in 21.7 per cent with 5 deaths due to the spread. 

An active control of the secretion during the removal of the infected part 
of the lung tissue is therefore necessary. The oldest and most commonly used 
method for that purpose is repeated tracheobronchial aspirations by catheter. 
This method alone is, however, not entirely satisfactory. The danger of spread 
is probably considerably decreased with the prone positioning of the patient 
during the operation as advocated by Overholt. This is brought about by gravity 
drainage of the secretions and the preservation of the cough reflex through the 
use of local anesthesia, but the danger of spread still exists. 

Still there is a need for some mechanical device which will prevent the 
flooding of unaffected lobes with pus or blood from sudden hemorrhage during 
the operation. Such instruments have been constructed according to two differ- 
ent principles: 

1. The healthy lung has been separated from the diseased by the use of an 
endobronchial anesthetic tube with an inflatable rubber cuff (Gale and Waters, 
1931, and Magill, 1936). 

2. The main bronchus to the diseased lung has been occluded (Crafoord, 
1938, Halton, 1943, and Moody, 1947, 1948, and 1949). These different methods 
are reviewed by Moody, 1948 and 1949. 

At the Sabbatsberg Hospital in Stockholm, the Crafoord technique of 
bronchial tamponade has been used in about 500 eases and has on the whole 
proved satisfactory in most cases. But there have been cases in which the 
tamponade has slipped out of place and obstructed both main bronchi, and it 
had to be removed quickly. When ideally applied, the tamponade should permit 
gas exchange but not allow the secretions to pass through. If the tamponade is 
too firmly packed or has been moistened by the secretions, the gas exchange to 
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the diseased area will be diminished to a minimum and be of no value in 
oxygenating the patient. It is sometimes difficult to compress the lung, since the 
gas remains behind the tamponade and keeps the lung distended to such a 
degree that it hinders the surgeon. 

Both these disadvantages are avoided with the endobronchial balloon 
devised by Moody. The bronchus to the diseased lung is obstructed by a balloon 
encased by a metal holding apparatus with numerous protruding small points. 
The latter are embedded in the bronchial wall by inflation of the balloon, 
preventing its slipping back into the trachea. Suction can be applied through 
and distal to the balloon and atelectasis of the portion of the lung to be resected 
ean therefore be achieved. Bronchoscopy is necessary for introduction of the 
balloon. An ordinary endotracheal tube is then inserted. In a series of 44 
cases, Moody reported that the balloon slipped out of place in 1 case. There were 
6 cases with contralateral spread, 1 of which was fatal. In 33 eases of 44 the 
instrument was considered to function satisfactorily. The instrument is not 
applicable in upper lobectomies. 

No instrument so far has been devised to prevent the spread of purulent 
secretions from the right upper lobe. 


THE USE OF THE DOUBLE-LUMEN CATHETER TO PREVENT THE SPREAD OF PURULENT 
SECRETIONS 


In 1949, one of us (E. C.) devised a new flexible double-lumen catheter for 
bronchospirometry (see Fig. 1). 

The catheter is made of rubber of approximately the same rigidity as an 
ordinary urethral catheter and provided with a small hook that is automatically 
engaged by the carina. The inner diameter of each lumen is 7 mm. in the 
catheter for men and 6 mm. in the one for women. The catheter is introduced 
under topical anesthesia without the aid of fluoroscopy or bronchoscopy. 
Under mirror guidance it is introduced over a curved metal stylet. The rub- 
ber hook is tied down to the catheter with a silk thread until it has been passed 
through the larynx, when the slipknot is untied. The catheter is then turned 
90 degrees to the left and is gently pushed downward. During the introduction 
it exerts a slight pressure on the left tracheal wall and therefore automatically 
enters the left main bronchus. It is then easy to feel when the hook is engaged 
by the carina. Now the cuffs are inflated. Then anesthesia and suction can 
be applied to each lung separately. 

The hook and the two rubber cuffs will maintain the catheter in correct 
position. It has been used for bronchospirometry in more than 100 cases with 
satisfactory result. The introduction is easy and the tube is well tolerated even 
for prolonged examinations during exercise tests. 

Since November, 1949, the double-lumen catheter has been used in 20 
cases of pulmonary resection. The method has been found so satisfactory that 
its use will be continued. 

Most of the advantages of this method were well demonstrated in the first 
case in which it was used. This case is therefore described in detail to illustrate 


the technique. 
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A 53-year-old man had had 15 pneumonias on the right side since 1941. In April, 
1949, a 4 by 5 em. cavity with a fluid level was demonstrated in the posterior segment of the 
right upper lobe. Tubercle bacilli could never be demonstrated. Bronchoscopy showed an 
inflammatory reaction and a considerable amount of secretion in the bronchus to the posterior 














segment of the right upper lobe, but otherwise a normal bronchial tree. 
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Fig. 1.—Diagram of the double-lumen catheter in position. Notice the small rubber hook that 
is automatically engaged by the carina. 


Intensive medical treatment with penicillin and streptomycin both parenterally and by 
inhalation as well as sulfonamide therapy was instituted. After seven months of medical 
treatment, the sputum still remained above 100 ml. per day and the size of the abscess had 
not diminished. The patient also suffered from a severe asthma and had a pronounced 
emphysema as shown by the following values of the respiratory function: 


Vital capacity 2,330 ml. 
Residual capacity 2,440 ml. 
Total capacity 4,770 ml. 


The residual capacity was as much as 51.2 per cent of the total capacity (normal value 
23+ 2.5 per cent). 

The Operation.—After topical anesthesia with 2 per cent Pantocain in pharynx, larynx, 
trachea, and the main bronchi, the double-lumen catheter was introduced and both lumina 
connected with the anesthesia apparatus. General anesthesia was induced with pentothal and 
continued with nitrous oxide, oxygen, and curare (see Fig. 2). 

The right side of the chest was entered through the bed of the sixth rib. From this 
time controlled respiration was maintained to the left lung only by the use of the spiro- 
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Fig. 2.—In the beginning both lungs are connected with the anesthesia machine. 

Fig. 3.—When the chest is opened, anesthesia is given to the unoperated lung only. The 
right lung is atelectatic and immobile, increasing the operating space and facilitating the 
separation of the lung from the chest wall. Continuous suction is applied in the right bronchi. 

Fig. 4.—After separation of the lung from the chest wall the dissection of an incomplete 
fissure was found difficult on an atelectatic lung. 
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Fig. 5.—Both lungs are connected with the anesthesia machine. The separation of lobes 
in > sa was facilitated by the inflation of the lung. 
6.—The left lung only is connected with the anesthesia machine when dissection of 
hilum * carried out. 
Fig. 7.—After completion of the right upper lobectomy the anesthesia was continued on 
both lungs. 
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pulsator. The tube to the right lung was disconnected and left open. The right lung then 
became atelectatic and was held out only by dense adhesions over the diseased area (see 
Fig. 3). 

Thus, more operating space was obtained in the right chest, facilitating the separation 
of the lung from the chest wall, which had to be done in the extrapleural plane. During the 
handling of the abscess-containing area, a copious amount of purulent material emptied out 
into the major bronchi and was removed by continuous suction with a plastic tube introduced 
through the open right lumen of the double-lumen catheter. During this procedure the right 
lung did not move at all, which furthermore contributed to the prevention of spread. 

When the lung had been completely separated from the chest wall, the dissection of an 
incomplete fissure between the lobes was found difficult on an atelectatic lung (see Fig. 4). 
Therefore, when all secretion had been aspirated from the bronchial tree, the right lumen of 
the catheter was connected with the anesthesia machine. The right lung was thus inflated, 
facilitating the separation of the upper lobe from the middle and lower lobes in the fissure 
(see Fig. 5). 

Then again, the right tube was opened, rendering the lung atelectatie during the dis- 
section and division of the vessels and the bronchus (see Fig. 6). It was now found that the 
patient had such a decreased pulmonary reserve, that prolonged one-lung anesthesia produced 
a pronounced cyanosis. The right lung was therefore inflated for short periods at intervals, 
which diminished the cyanosis. 

When the right upper lobe lobectomy was completed, the anesthesia was continued on 
both lungs (see Fig. 7). 

The double-lumen catheter remained in place for six and one-half hours. The patient 
recovered and the result is considered satisfactory. 

There were 2 cases with right upper lobe suppuration behind bronchiogenic squamous- 
cell carcinomas. Left-lung anesthesia was continued throughout the operations. The right 
lungs were atelectatic, which greatly facilitated the division of adhesions and the extra- 
pleural separation of the diseased lung tissues from the chest wall. Although one of the 
patients had no sputum before the operation, a considerable amount of purulent material 
was aspirated through the right part of the double-lumen catheter during the operation. 

When the bronchus is ready for division and the bronchial tree is dry, the catheter is 
pulled out 1 em. for right side pneumonectomies and 5 em. for left side pneumonectomies to 
avoid injuring the catheter when the clamp is applied to the bronchus. 

The anesthesia is then continued to the remaining lung through both lumina of the 
catheter and only the proximal rubber cuff is inflated. 


Seven more pneumonectomies were performed with the technique described, 3 on the 
left side and 4 on the right side, 6 of them for bronchiogenic carcinoma and 1 for cystic 
lung disease. 

Two more lobectomies were performed with the aid of the double-lumen catheter, 1 
right middle lobe lobectomy for tuberculosis and 1 right lower lobe lobectomy for bronchi- 
ectasis. In 1 case with a tuberculous cavity in the apical segment of the left lower lobe, 
a segmental resection was performed. In all cases the result has been satisfactory, the 
catheter has remained in place and has prevented spilling over of purulent secretion. 


Indications.—The method described is recommended in any resection for 
suppurative pulmonary disease including bronchiectasis, lung abscess, bronchio- 
genie carcinoma, and adenoma with secondary suppuration and tuberculosis. 
Arteriovenous aneurysm of the lung with the danger of intrabronchial hemor- 
rhage during the operation is also considered an indication. Also, in enucle- 
ation-resection of benign lung tumors, the double-lumen catheter is advocated 
because of the ease in production of atelectasis of the tumor-containing lung 
during the enucleation. 
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Bilateral bronchiectasis is not considered a contraindication. There are 
often dense adhesions in the diseased area of the lung, which are more easily 
divided when the lung is atelectatic, and the handling of the bronchiectatic 
lobe will produce a flooding of purulent secretion which is prevented from enter- 
ing the other side. Repeated aspirations by a small catheter on both sides is a 
necessity. 

It is true that when the atelectasis is produced, a considerable amount of 
blood is passing nonventilated lung tissue. Thus, an arterial oxygen deficit 
will result. In eases with a very low respiratory reserve, this arterial oxygen 
deficit is sufficient to produce a pronounced cyanosis, as in the first case de- 
seribed. Inflation of the atelectatie lung for short periods at intervals is then 
necessary. 

SUMMARY 


The double-lumen catheter has been adopted for the prevention of trans- 
bronchial spread during pulmonary resection. One-lung anesthesia with atelec- 
tasis of the lung to be operated will provide more operating space and facilitate 
the separation of the lung from the chest wall. Furthermore, there will be less 
movements of the diseased part of the lung, which will contribute to diminish 
the danger of spread. 

Continuous suction can be applied to the bronchus draining the diseased 
area. The lung ean be inflated when desired. 

The method has proved satisfactory and is considered to be the best way to 
prevent spilling over of purulent secretions or blood from a sudden hemorrhage. 
It is the only method that can be applied in cases with suppurative disease in 
the right upper lobe. 
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CONSIDERABLE IMPROVEMENT FOLLOWING EXPLORATORY 
THORACOTOMY IN TWO CASES OF TETRALOGY OF FALLOT 


OLIvIER W. F. Monop, Evizt H. Kates, aNp MICHEL F’, VANDOOREN 
Paris, FRANCE 
HE Blalock operation has been performed by us for twelve patients having 
the tetralogy of Fallot, with one death. In two other patients an anastomosis 
could not be accomplished ; extensive vascular pleural adhesions were divided 
and considerable dissection was carried out in the mediastinum; both these 
patients attained a large measure of improvement as to the signs and symptoms 
of their disease. The three operations in these two patients were easily borne. 
The improvement in the patient who had two operations was similar to that 
following a successful anastomosis, although it took a little longer to complete 
itself. 
CASE REPORTS 


CASE 1.—C. B., born on June 6, 1934. The parents first noticed dyspnea, cyanosis, 
chilliness, polydipsia, and occasional fainting when the patient was 6 months of age. The 
mother had had no infectious disease or trauma during pregnancy, and delivery was on time 


and normal. 

Preoperative examination, Dec. 9, 1948, was of a 14-year-old child of normal physical 
and psychic development. A systolic murmur was heard parasternally in the left second 
intercostal space and the liver was enlarged. An excess of salts and bile pigments were 
present in the urine. The x-ray film showed enlargement of the right auricle, a slightly 
concave pulmonary conus, and an aorta descending on the left side. In the left anterior 
oblique position, the subaortic window was clear. 

With angiocardiography the pulmonary artery was best filled during the fifth second. 
There was apparently a stenosis of the main pulmonary artery and a relative dilatation 
distal to the stenosis. The left auricle and ventricle were opaque only during the ninth 
second. 

The ocular fundi were normal except for slight venous dilatation. The blood count 
showed red blood cells, 5,020,000 and white blood cells, 3,800. The oxygen saturation of 
the arterial blood was 69 per cent (Haldane’s method); the sedimentation rate was 7 mm. 
in twenty-four hours, which is low. 

Operation, right anterior approach, was on Dec. 14, 1948. Seventy minutes were needed 
to divide extensive vascular adhesions between the lung and upper mediastinum and to free 
the right pulmonary artery, which was of normal size and not pulsating. Ten cubic centi- 
meters of 1 per cent procaine solution were injected into the superior mediastinum. The 
azygos vein was divided and the innominate artery was being sought when the systolic blood 
pressure dropped from 105 mm. Hg to 70 mm. and the pulse rate was uncountably fast. 
The lung was then inflated and more procaine injected into the mediastinum. The blood 
pressure rose and the pulse rate dropped. Resumption of the operation caused a second and, 
later, a third repetition of the unfavorable events and, therefore, the surgeon, internist, and 
anesthetist agreed that the operation should be ended. 

The only unfavorable postoperative events were an apyretic jaundice of two weeks’ 
duration and syncope on two occasions. Ten months after operation a striking improvement 
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was noted in the patient’s height and weight; cyanosis was seen only after exertion; dyspnea 
was much less and the child walked and ran like a ‘‘blue baby’’ whose operation had been 
a success. He had no more fainting attacks and he was serving as a carpenter’s apprentice. 
Examination of the heart showed no change from the preoperative condition; the pulse was 
120, and the liver was slightly enlarged. The blood count showed on Oct. 12, 1949, red blood 
cells, 4,270,000. The oxygen saturation was 87 per cent. 

In brief, ten months after an operation in which many vascular pleural adhesions were 
divided, and in which dissection within the mediastinum was carried out, but in which no 
vessel anastomosis was accomplished, the patient’s condition improved as much as would 
have been expected if an anastomosis had been performed. 


CASE 2.—G. C., born in 1935. Cyanosis and slight dyspnea, which increased with ery- 
ing and exertion, appeared fifteen days after birth. 

Preoperative examination, Oct. 13, 1948, was of a 13-year-old boy of small size but other- 
wise of normal development. There was severe cyanosis and clubbing. Dyspnea was slight 
at rest but increased with exertion, even on talking. Running was followed by fainting. A 
systolic murmur was heard parasternally in the left second intercostal space. The pulse rate 
was 65 and the blood pressure 110/60. The x-ray film showed a concave left pulmonary 
conus, an aorta descending on the right side, and in the left anterior oblique projection, a 
clear subaortiec window. The hila and the pulmonary fields were not abnormally clear. 

The electrocardiograms showed bradycardia, good voltage, and right axis deviation. 
The oxyhemoglobin saturation was 51 per cent and the total capacity of blood in oxygen, 17 


ia 


e.c., or 7 per cent. The sedimentation rate was 1 mm. in twenty-four hours. The blood 
complement fixation test was negative for syphilis. 


The first operation was performed on Oct. 8, 1948, through a left anterior incision. 
The pleural cavity was practically obliterated by uniform, short, cylindrical cords. On 
sectioning them, each was found to consist of a blood vessel, which bled dark blood more 
actively from their parietal rather than from their pulmonary ends; these many vessels 
obviously constituted important arterial pathways from the general circulation to the lung. 
The pulmonary artery was surrounded by an extensive network of fragile vessels which also 
fed the lung from the general circulation. Seventy-five minutes were needed to free the 
pulmonary artery to the pericardium; the artery did not pulsate. A superior left vena cava 
passed behind the left pulmonary artery. After a search of an hour, an innominate trunk 
was found dividing into carotid and subclavian trunks and a third branch passing downward 
and mesially; this trunk was wide at its origin and then became progressively narrower and 
its termination could not be identified; it was too narrow and its wall too thin for use in an 
anastomosis; it had the appearance of the abnormal vessel shown in Fig. 27 of Blalock’s 
article in the October, 1948, issue of Surgery, Gynecology and Obstetrics. The pulmonary 
artery was deep and could not be adequately mobilized because of the extensive pleural 
symphysis; this fixation of the lung prevented the elevation of the lung which is often so 
useful in the making of an anastomosis without undue tension. 

The postoperative course was simple. A pleural effusion was aspirated. Cyanosis and 
fatigability were more pronounced. 

On Jan. 5, 1949, approximately three months after the first operation, an operation was 
performed on the opposite or right side. There were fewer pleural adhesions than on the 
left side and the pulmonary artery was easier to dissect. Another innominate artery was 
found on the right side. Even after the carotid and vertebral arteries had been divided and 
the subclavian artery divided at the origin of its thyrobicervicosecapular branch, the sub- 
clavian artery was too short to reach the pulmonary artery, which was abnormally low and 
could not be mobilized. Even after traction, only 5 mm. of the main trunk of the pulmonary 
artery, which did not pulsate, existed between its origin and its upper lobe branch. An end- 
to-end anastomosis would have been impossible. 

The anatomic abnormalities encountered could not have been foreseen before operation 
or, at least, they could not have been accurately judged as insuperable. Angiocardiography 
does indicate the distance between the subelavian and pulmonary arteries but it does not 
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exclude a successful anastomosis even if the distance is great, provided that there is a long 
systemic artery or that the pulmonary artery is long and ean be mobilized with mobilization of 
the lung. 

A Pott’s type of operation might have been used as a second operation on the left side 
but, having proceeded as far as we did in the hope and expectation of accomplishing an 
anastomosis, we doubted whether it would have been feasible to perform a Pott’s operation 
through an anterior approach. To have undertaken an arterial graft would have required, 
in our opinion, an unjustifiable extension of the duration of the operation. 

The postoperative course in the second patient was also simple. When the patient was 
seen as an outpatient in May and October, 1949, a definite, gradual improvement was noticed. 
Cyanosis was less severe and dyspnea was considerably lessened. The child was able to run 
and had no more attacks of fainting. 

The values for certain laboratory tests before, between, and after the operations showed 
an important improvement in the oxygenation of the blood and are presented for comparison, 
as follows: 

Red blood cells, before operations, 7,140,000; after operations, 5,300,000. 

Oxygen saturation, before operations, 51 per cent; between operations, 59.5 per cent; 
after operations, 76 per cent. 

Many laboratory tests were made. They indicated considerable improvement of all 
respiratory, circulatory, and tissue functions. 


Two hypotheses may be offered to explain the improvement in these two 
patients in whom no anastomosis could be accomplished, but with a full reali- 
zation of the fact that two eases are too few and a follow-up period of only 
one year is too short for valid hypotheses or conclusions: 


1. The probable creation by surgical trauma of new vascular adhesions in 
the pleurae and mediastinum which may be functioning as many little ‘‘dueti 
arteriosi.”’ 

2. A sympathetic vasomotor effect on the pulmonary circulation as a result 
of prolonged dissection in the region of the right subelavian artery. In both 
cases, improvement or disappearance of the attacks of syneope occurred after 
operation. 


SUMMARY 


Two cases of the tetralogy of Fallot are reported in which a surgical 
anastomosis between the systemic and pulmonary vascular systems could not 
be accomplished. Great improvement followed exploratory thoracotomy with 
extensive dissection of pleural adhesions, the mediastinum, and pulmonary 
hilum. The possible mechanism of the improvement is discussed. 





RESECTION OF TRANSVERSE PROCESSES IN 
PULMONARY TUBERCULOSIS 


EpWIN MENDELSSOHN, M.D.* 
PHILADELPHIA, PA. 


HE removal of the transverse processes of the vertebrae was first suggested 

by Friedrich in 1914. Since then, many changes have occurred in the treat- 
ment of pulmonary tuberculosis by thoracoplastie proecdures. More attention 
is given now to the obliteration of cavities, to a more complete collapse of the 
involved lung, and to a greater conservation of uninvolved lung. 

Even though there has been a rapid growth in the use of surgery in 
pulmonary tuberculosis, surgical removal of the vertebral transverse processes 
in this form of tuberculosis is still a subject of controversy. It is the purpose 
of this paper to discuss the factors to be considered in determining the value 
of the removal of the transverse processes in the collapse therapy program and 
to describe an effective technique of removal. 

Improvements in the technique of thoracoplasty during recent years have 
more than doubled the perecntage of patients whose tuberculous pulmonary 
cavities have been closed completely. This is an actual increase in the percentage 
of success, and not just the exclusion of poor risk cases, resulting from the 
division of the modern muscle splitting operation into multiple small stages 
which made it possible to apply thoracoplasty to many patients who could not 
have withstood a one- or two-stage classical operation. 

Notwithstanding the introduction of newer surgical methods and the 
removal of longer rib sections, if the transverse processes were not removed, 
apical cavities often were not closed. If one considers the anatomy of the chest 
(Figs. 1, 2, and 3) and realizes that the bodies of the vertebrae project into the 
chest cavity and the transverse processes of the vertebrae and the attached ribs 
come out rather far, it can easily be understood that even though the rib is 
removed back to the transverse process there is still part of the lung in the 
vertebral gutter which is not compressed. In those cases in which the entire 
head and neck of the rib are removed the remaining outstretched transverse 
process acts as a sheltering arm to prevent complete obliteration of the cos- 
tovertebral space. 

The routine removal of the entire lengths of the vertebral transverse process 
and the underlying neck and head of the rib at, and somewhat above and below, 
the level of the pulmonary cavity or cavities greatly increases pulmonary col- 
lapse by obliterating the costovertebral space. In those eases in which the trans- 
verse processes are not removed, the stumps support the lateral reformed chest 
wall, holding it out beyond the vertebral bodies to such an extent that the 
vertebral gutter is usually left and the collapsed lung is safely lodged (Fig. 4, 
a through e). <A certain amount of movement of the lung is still possible. 
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Hence, a posterior cavity remains open, even if only a slit, and a cavity that has 
been posteriorly displaced by the collapse will be protected and fail to close in. 
Complete collapse and efficient closure of the cavity are, therefore, usually not 
possible without the obliteration of this space. 
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Fig. 1.—Diagrammatic drawing showing the normal anatomy of the costotransverse and costo- 
vertebral articulations viewed from above. 
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Fig. 2.—Diagrammatic drawing showing the normal costovertebral articulation viewed 
from the right. After Spalteholz’s ‘‘Hand Atlas of Human Anatomy,” Philadelphia, J. B. Lip- 
pincott Company. 


The following technique has been found effective in insuring proper and 
adequate removal of the head and neck of the rib and the transverse process. 
The desired segment of the rib is removed as far back as one inch from the tip 
of the transverse process. The periosteum is stripped from the outer surface of 
the rib to the tip of the transverse process and on the inner surface from the 
neck and head of the rib. The sacrospinalis, semispinalis, and multifidus museles 
lying over the transverse processes are mobilized and retracted mesially, widely 
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exposing the articulation of the rib with the transverse process (Fig. 5). The 
index finger is introduced between the neck of the rib and the periosteum that 
has been separated from it. With a gentle milking motion the periosteum is 
pushed forward as much as possible so as to protect the underlying pleura from 
future injury. With the palpating finger one is able to feel the groove marking 
the articulation of the transverse process with the rib. A sealpel with a one- 
inch blade is inserted into the groove, parallel to the transverse process and 
dividing the ligament of the tubercle. A scalpel with a nondetachable blade has 
been found to be more satisfactory than one with a detachable blade because 
of the oceasional breaking of the latter. A Kinsella elevator is then inserted into 
this opening and with a gentle rocking motion, while the free end of the rib is 


Posterior costotransverse 
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ligament 
Transverse process cs 


Fig. 3.—Diagrammatic drawing showing the normal costotransverse articulation viewed 
from behind and somewhat from the right. After Spalteholz’s “Hand Atlas of Human Anat- 
omy,” Philadelphia, J. B. Lippincott Company. 


pushed forward, the articular capsule, the anterior and posterior costotransverse 
ligaments on the superior surface of the neck of the rib, and the ligament of the 
neck of the rib are divided in the order given. The rib may now be pried for- 
ward with the thumb or a curved periosteal elevator. This maneuver is intended 
to tear the interarticular and radiate ligaments, and the articular capsule. No 
attempt is made to cut these structures because of the great danger of damaging 
one of the larger vessels in this area. The rib is now firmly grasped with a 
bone holder as near to the head of the rib as possible and twisted back and 
forth so as to sever any remaining strands of the interarticular and radiate 
ligaments, and the articular capsule. Thus, the head and neck of the rib are 
removed completely by disarticulation. It should be noted that failure to grasp 
the rib properly will cause the rib to break, with the result that the head and 
part of the neck will be left behind. If the procedure is performed properly, 
the neck and head of the rib are removed in one piece and the head has a shiny, 
smooth, white appearance. 
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Fig. 4.—a throuzh e.—da, Diagrammatic drawing showing the incomplete obliteration of 
the costovertebral space from failure to remove the head and neck of the rib and the transverse 
process, 

b, The head and a small part of the rib remain. 
tering arm preventing collapse of the costovertebral space. 

c, The entire rib has been removed but the transverse process still prevents obliteration 
of the costovertebral space. 

d, Portions of the rib and transverse process remain preventing adequate closure of the 
costovertebral space. 

e, The entire rib and the transverse process have been removed allowing the costovertebral 
space to fall in and become obliterated. 


The transverse process acts as a shel- 
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The transverse process is now exposed. The levator costarum and the 
rotatores muscles are stripped from the end and the upper and back part of 
the transverse process. The intertransverse ligaments are divided on each side 
of the transverse process. Then the attachments of the anterior and posterior 
costotransverse ligaments on the transverse process are divided, completely 
isolating the transverse process, which will be found to be approximately 2 em. 
long. With one or two bites of the Sauerbruch’s square-nosed rongeurs, all of 
the transverse process is removed almost flush with the pedicle of the vertebra. 


—\/ 
KR, 


ZL 


Fig. 5.—Diagrammatie drawing showing the sacrospinalis, semispinalis, and multifidus 
muscles lying over the transverse process mobilized and retracted mesially, widely exposing the 
costotransverse articulations. 


At times it is not necessary to resect the first vertebral transverse process. 
However, caution must always be taken in handling this transverse process, since 
the first thoracic nerve may easily be injured. Also, it is not necessary to resect 
the second vertebral transverse process as much as the transverse processes 
below. In those cases in which the apex of the lung drops, the upper two trans- 
verse processes rarely interfere with the closing of cavities. This situation is 
much to be desired because the operative time in resecting the upper two ribs 
is lessened, the lateral support of the vertebral column in this region is not 
weakened, and there is no danger of damage to the important nerve structures 
near the first rib. If the apex does not drop, then it is necessary to remove 
completely the first two transverse processes to insure maximum collapse in 
this area. 

SUMMARY AND CONCLUSION 

In summary it can be said that resection of the vertebral transverse 
processes in the treatment of pulmonary tuberculosis is favored because complete 
collapse and cfficient closure are thereby possible. The technique presented has 
been found effective in closing cavities with a minimum of damage to important 
structures. 





LUNG-PLEURA GRAFT FOR ESOPHAGOESOPHAGEAL 
ANASTOMOSIS 


AN EXPERIMENTAL STUDY 


W. Ravpeu Deaton, Jr., M.D., ano H. H. BrapsHaw, M.D. 
WINSTON-SALEM, N. C. 


WO esophageal anastomoses were recently performed for benign eongen- 

ital stricture of the lower third of the esophagus. One healed primarily, 
the other developed a leak at the suture line. The latter healed satisfactorily 
without stricture, but only after a greatly prolonged hospital course. The 
difficulty in primary healing in isoesophageal anastomosis has long been 
recognized, and has been attributed'* to a multiplicity of alleged factors, 
most of which are absent or minimal in healing of the remainder of the gastro- 
intestinal tract. Such factors include (1) seanty blood supply, (2) lack of a 
true serosal coat, (3) tension on the suture line following resection, (4) vari- 
ation in tension on the esophagus with each diaphragmatic excursion, (5) in- 
ability to put the esophagus at rest by control of deglutition, (6) poor con- 
ditions for accomplishing a satisfactory anastomosis due to the anatomie posi- 
tion of the esophagus, (7) danger of postoperative infection—mediastinitis, 
esophagitis, empyema, pneumonia, (8) danger of shock and/or eardiae ar- 
rest from interference with the vagi, (9) lack of an omentum to protect and 
favor healing of the suture line, (10) postoperative pneumothorax, (11) post- 
operative hemorrhage, (12) postoperative diaphragmatic hernia, (13) in- 
anition, and (14) postoperative chylothorax. The presence in the literature of 
reports of many successful esophagogastrostomies,” '? and several esophago- 
esophageal anastomoses,* ** 7415 indicates that these factors are not unsur- 
mountable. However, any procedure that might diminish the part such factors 
may play in the eventual outcome of the operation should be investigated. In 
intestinal surgery the anastomotic line is frequently reinforced with omentum, 
either as a pedicle graft or a free transplant, to prevent leakage. It seems 
reasonable to expect that the same type of procedure might be beneficial in 
esophagoesophageal anastomosis. Therefore, a series of experiments was per- 
formed in dogs to test the applicability of reinforcing the suture line in esopha- 
goesophageal anastomosis. 

EXPERIMENTS 

Adult mongrel dogs were used. An esophagoesophageal anastomosis was made in 
each dog. A simple continuous suture of 000 chromic gut was used for the mucosal stitch, 
and a simple interrupted suture, of the same material, was used for the muscular layer. The 
technique was precisely the same as reported in previous studies from this laboratory.16 Fol- 
lowing completion of the anastomosis, a triangular portion of the lower edge of the left lower 
lobe of the lung was excised. A rubber-shod noncrushing clamp was applied proximally for 
control of hemorrhage, and to facilitate repair. Interrupted overlapping figure-of-eight su- 
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tures of 00000 plain gut were used to close the defect in the lung. The section ef lung ob- 
tained was split lengthwise, so that the piece to be used as a graft was extremely thin, measur- 
ing approximately 6 by 1 by .05 cm. Pleura was present on one side, and raw lung substance 
present on the other side. The graft was placed over the suture line, under moderate tension, 
with the raw surface against the esophagus, and then sutured. Interrupted sutures of 00000 
plain gut were placed through the graft and into the esophageal wall to prevent the graft 
from slipping. The thoracic cavity was then irrigated with saline, the lung expanded, and 
closure accomplished in layers with interrupted cotton sutures. A liquid diet was given the 
first postoperative day, soft diet from the second through the fifth day, and kennel rations 
thereafter. No antibiotics or intravenous fluid was administered. At specifically designated 
intervals the dogs were operated on again to study the healing process. When the thorax 
was opened the amount of infection, extent of the adhesions, appearance of the graft, and 
condition of the donor area were noted. The grafted area, with a segment of normal esopha- 
gus proximally and distally, was then excised and split longitudinally, to afford evaluation 
of the mucosal healing. Subsequently, microscopic sections, taken at right angles to the suture 
line, were made to study the cellular reaction. 


RESULTS 


Nine dogs were used in the experiments. They were equally divided into 
three groups, with the intervals between the first and second operations vary- 
ing as follows: Group 1, seven days; Group 2, fourteen days; Group 3, twenty- 
eight days. The mortality was zero; the morbidity was slight, with each dog, 
on the average, losing only 300 Gm. between operations. In every ease the 
graft was viable, and adherent to the esophagus. There were less pleural ad- 
hesions around the area of the anastomosis than were found in previous ex- 
periments, where no lung graft was used. There were no cases of empyema; 
the donor site healed primarily in every case. In all cases the mucosa showed 
healing without any evidence of leak or infection. The gut sutures were still 
present in the seven-day group, but not in the other two groups. Microscop- 
ically, beginning vascularization was seen in each case; the degree varied with 
the time interval. Less inflammatory reaction was observed microscopically 
than had been noted when grafts were not used. There were no foeal aceumu- 
lations of polymorphonucleocytes or lymphocytes to suggest acute or chronie 
abscess formation. 

It has been possible to achieve excellent results experimentally without 
the use of a graft,’® but the healing process, with the graft, proceeds at a strik- 
ingly more rapid pace. A seven-day grafted anastomosis has the degree of 
healing that is usually found in a twenty-one-day plain end-to-end anastomosis. 


DISCUSSION 


Haight,’ Bigger,’ and Daniel!® have, in cases of repair of tracheo- 
esophageal fistula, telescoped the distal segment into the proximal, to afford 
strength to the anastomotic line. Thus, the upper segment covers the suture 
line of the lower segment. However, a search of the literature does not reveal 
any experimental or clinical work concerning the use of pleural grafts, what- 
ever the source might be, as a reinforcement for the suture line in esophago- 
esophageal anastomoses. An article concerned with the experimental use of 
free peritoneal grafts to cover intestinal anastomotic suture lines has been 
published recently.”° 
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These experiments show the practicability of the use of a thin free lung 
graft to cover the suture line in isoesophageal anastomosis. The grafts were 
easily obtained and prepared, the donor sites healed by primary intention, 
there were no instances of empyema, hemothorax, leaking from the anastomo- 
sis, or Sloughing of the grafts. 


SUMMARY 


Experiments have been performed which apparently show the practica- 
bility of the use of a free lung-pleura graft as a buttress and reinforcement for 
the suture line of esophagoesophageal anastomosis in the dog. 
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